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Publication Date (1) : 
20000120 

Publication Date (2) : 
20000201 

Basic Abstract Text (1) : 

NOVELTY - Saposin B was found to have potent anti -angiogenic and antitumoral activity, 
as well as antiproliferative and anti -migratory activity against endothelial cells . 
These activities are conserved in cryptic polypeptides as small as 5 amino acids. 

Basic Abstract Text (2) : 

DETAILED DESCRIPTION - An isolated polypeptide (I) of 5-71 amino acids and comprising a 
contiguous amino acid sequence: 

Basic Abstract Text (6) : 

(1) a protein which specificall y binds to Saposin B and is found on the surface of KS 
Y-l, SLK and HUVEC cells; 

Basic Abstract Text (8) : 

(3) an isolated fusion protein comprising (I) and a cell targeting moiety, where (I) 
and the cell targeting moiety have functional activity independent of each other; and 

Basic Abstract Text (12) : 

USE - The polypeptides are of use in the treatment of undesired angiogenesis and tumor 
growth, especially Kaposi's sarcoma (claimed). They can also be used in conjunction 
with cell cytotoxic moieties to selectively kill certain cell types. Diseases and 
pathological conditions treated include cancer, angiofibroma, neovascular glaucoma, 
arteriovenous malformations, nonunion fractures, arthritis and other connective tissue 
disorders, Osier-Weber syndrome, atherosclerotic plaques, psoriasis, corneal graft 
neovascularization, pyogenic granuloma, retrolental fibroplasia, diabetic retinopathy, 
scleroderma, hemangioma, trachoma, vascular adhesions and hypertropic scars. The 
peptides have use in veterinary medicine to treat cats, dogs, horses and cattle, as 
well as humans. 

Basic Abstract Text (14) : 

DESCRIPTION OF DRAWING (S) - Activity of recombinant Saposin B. Only Kaposi's syndrome 
and endothelial cells showed dose dependent growth inhibition. 
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(57) Abstract: The invention 
concerns a novel ICBP90 (Inverted 
CCAAT box binding protein 90) 
and its fragments, polynucleotides 
coding for said polypeptides 
and specific antibodies directed 
against said polypeptides. The 
invention also concerns methods 
and kits for diagnosing cell 
proliferation and compounds useful 
as medicine for preventing and/or 
treating pathology involving cell 
proliferation and in particular 
cancer. 

(57) Abrege: L invention concerne 
un nouveau polypeptide ICBP90 
(Inverted CCAAT box binding 
protein 90) et ses fragments, les 
polynucleotides codant pour lesdits 
^ polypeptides et des anti corps 

specifiques diriges contre lesdits 

W polypeptides. L invention concerne egalement des procecles et des kits de diagnostic de proliferation cellulaire et des composes 
^ utili sables a titre de medicament pour la prevention et/ou le traitement de pathologie faisant intervemr la proliferation cellulaire 
^ et du cancer en particulier. 
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« POLYPEPTIDE ICBP90 ET SES FRAGMENTS ET 
POLYNUCLEOTIDES CODANT LESDITS POLYPEPTIDES ET 
APPLICATIONS AU DIAGNOSTIC ET AU TRAITEMENT DU 

CANCER ». 

5 La presente invention conceme un nouveau polypeptide 

ICBP90 et ses fragments, le clonage de l'ADNc et les polynucleotides 
codant pour lesdits polypeptides, des vecteurs de clonage et/ou 
d'expression incluant lesdits polynucleotides, des cellules 
transformees par lesdits vecteurs et des anticorps specifiques 

10 diriges contre lesdits polypeptides. L'invention concerne egalement 
des precedes et des kits de diagnostic des cancers, un precede et 
un kit de criblage de ligands du polypeptide de Invention et des 
composes utilisables a titre de medicament pour la prevention 
et/ou le traitement des cancers, 

15 Les ADN topoisomerases sont des proteines nucleaires 

hautement conservees au cours revolution dont le role principal est 
de controler la conformation et la topologie de TADN dans le noyau, 
qui sont constamment alterees par les differents processus 
biologiques impliquant l'ADN tels par exemple la transcription et la 

20 replication. Les topoisomerases exercent leur action en coupant 
l'ADN et en reliant ces lesions apres avoir realise le changement 
conformationnel adequat. 

Chez les mammiferes et lTiomme en particulier, il existe a 
llieure actuelle au moins cinq genes differents codant pour une 

25 topoisomerase et au moins deux pseudogenes additionnels (pour 
revue, voir Nitiss 1998). Ainsi, la topoisomerase I, codee par le gene 
TOPI retire les supertours presents dans 1WDN en ne coupant 
qu*un seul brin. Les deux topoisomerases de type II existant chez 
lliomme appelees TopIIa et TopIIp, alterent la topologie de TADN en 

30 introduisant des clivages double brin transitoires (pour revue, voir 
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Wang 1996), Enfin, il existe deux topoisomerases de type HI codees 
par deux genes localises en 17pl 1.2-12 et 22qll-12 et qui agissent 
uniquement contre les supertours negatifs de PADN. 

Dans les cellules tumorales, les topoisomerases de'type II 
5 jouent un role tres important ; dans ces cellules en croissance et en 
division rapide, il existe un grand besoin de maintenir les molecules 
d'ADN dans une conformation correcte puisque des taux de 
transcription et de replication eleves sont necessaires. Ainsi, les 
taux de toposiomerases II sont en general plus eleves dans les 

10 cellules tumorales humaines que dans les tissus normaux de meme 
origine. Cependant, le taux d'expression eleve de la topoisomerase 
Ila dans les cellules tumorales peut varies entre deux tumeurs de 
nature differente affectant un meme tissu. Par exemple, le noyau 
des cellules de carcinome du poumon a petites cellules presente un 

15 taux plus eleve de topoisomerase Ila que le noyau des cellules de 
carcinomes pulmonaires a cellules de taille normale (Guinee et aL, 
1996). De la meme maniere, le taux de topoisomerase Ila dans les 
cellules A549 est trois fois plus eleve que dans les cellules PC3, ces 
deux lignees cellulaires provenant d'adenocarcinome de I'epithelium 

20 pulmonaire (Yamasaki et aL, 1996). 

Ces constatations donnent a penser que la topoisomerase 
Ila peut etre consideree comme un marqueur de proliferation 
cellulaire pour certains types de cancer. Le processus cancereux se 
caracterisant par une proliferation cellulaire anormale due en 

25 partie a la perte de Tinhibition de contact, la topoisomerase Ila 
apparait done comme une cible privilegiee des drogues 
chimiotherapeutiques pour le traitement du cancer (Pommier et aL 
1994), et les traitements anticancereux actuels font largement 
appel aux inhibiteurs de topoisomerases. 
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La plupart de ces inhibiteurs exercent leurs effets 
cytotoxiques en stabilisant le complexe de clivage de PADN. Des 
drogues comme les anthracyclines [doxorubicine (adriamycine) ou 
epipodophyllotoxines (tel Tetoposide (VP- 16) ou le tertiposide 
5 (VM26))], les acridines (tel que le mAMSA) et les anthracendiones 
(e.g. mitoxantrone) sont des exemples de drogues inhibitrices de 
topoisomerases n qui stabilisent le complexe de clivage. Plus 
recemment, une nouvelle classe d'inhibiteurs de topoisomerases II 
a ete developpee ; ces inhibiteurs agissent au niveau de Tactivite 

10 catalytique et non plus en stabilisant le complexe de clivage. La 
drogue fostriecine en est un exemple (Boritzki et a/., 1988). 
Aujourd*hui ces differentes drogues sont utilisees dans des 
traitements anti-cancereux curatifs et palliatifs. 

Neanmoins, l*un des problemes majeurs rencontre dans les 

15 traitements anti-cancereux actuels utilisant les inhibiteurs des 
topoisomerases est Temergence d*une resistance aux drogues (Kubo 
et at, 1995). Ces resistances sont soit le fait d*une subexpression de 
pompes permettant Pefflux de drogues a Texterieur de cellules avant 
qu'elles n'atteignent leur cible (e.g ; P-glycoproteine, proteine 

20 associee a la multiresistance aux drogues (MRP)), soit le fait de 
changement du taux d'expression de la topoisomerase Hot (Defile et 
at, 1989; Fiy et aL, 1991), soit des deux (pour revue, voir Isaacs et 
al 9 1998). 

L*un des aspects de la presente invention est done de 
25 comprendre les mecanismes de regulation de Texpression du gene 
de la topoisomerase Hot, afin de developper une alternative au 
phenomene de resistance aux drogues observe pour certains 
cancers, et ce, dans Toptique d'ameliorer le traitement preventif et 
curatif des cancers. 
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n existe deux types de topoisomerases de type II qui different 
dans leur profil d'expression ; la topoisomerase Ila (Top Ila) (170 
kD), essentiellement localisee dans le nucleoplasme au niveau du 
centromere des chromosomes mitotiques, intervient -dans les 
5 processus biologiques fondamentaux que sont la replication, la 
condensation des chromosomes et la transcription. La 
topoisomerase Hp (Top IIP) (180 kD) est semble-t-il plutot impliquee 
dans la transcription des ARN ribosomiques etant donne la 
localisation nucleolaire de cette enzyme. Les deux topoisomerases 

10 de type n humaines sont localisees sur deux chromosomes 
differents (17q21-22 pour la topoisomerase Ila et 3p24 pour la 
topoisomerase HP) (Tsai-Plugfelder et aL 9 1988 ; Drake et aL, 1989 ; 
Chung et aL, 1989 ; Jenkins et aL, 1992 ; Austin et aL, 1993), 

Contrairement a la topoisomerase lip dont Texpression se 

15 caracterise par une relative Constance, la topoisomerase Ila 
presente une variation d'expression en fonction de l'etat de 
proliferation des cellules et de leur position dans le cycle cellulaire. 
L'expression de TARN messager (ARNm) est plus elevee dans les 
cellules en proliferation que dans les cellules arretees en 

20 confluence. L'expression de la topoisomerase Ila augmente au cours 
de la phase S du cycle cellulaire pour atteindre un maximum en fin 
de phase G2/M (Goswami et aL, 1996), le niveau d'ARN messager 
etant dix fois plus eleve en fin de phase S que pendant la phase Gl. 
Egalement, il semble exister un couplage entre la synthese et la 

2 5 degradation de la topoisomerase Ila et la 
condensation/decondensation chromosomique (Heck et al., 1988). 

Les connaissances actuelles concernant la regulation du 
gene de la topoisomerase Ila restent somme toute assez sommaires. 
Recemment, une region promotrice d'environ 650 paires de bases a 
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ete decrite par Hochhauser et al. (1992), elle presente toutes les 
caracteristiques d'un gene domestique, absence de boite TATA et 
richesse moderee en sites GC (presence notamment d'une boite Spl 
pouvant remplacer la boite TATA) en sont deux exempies. La 
5 presence de 5 boltes CCAAT inversees ou ICB (Inverted CCAAT box) 
est une autre particularite de ce type de promoteur. 

Des facteurs de transcription interagissant avec le 
promoteur du gene de la topoisomerase Ila humaine ont ete 
decrits ; on peut citer c-myb (Brandt et aL, 1997), p53 (Sandri et aL, 

10 1996), ATF (Lim et aL, 1998), Spl et Sp3 (Kubo et aL, 1995). Quoi 
qu'il en soit, en dehors de NF-Y (egalement appele CBF, ACF et 
CP1, references dans Isaacs et aZ., 1996) les facteurs de 
transcription agissant sur les sequences ICB du promoteur du gene 
de la topoisomerase Ila humaine ne sont pas encore tous identifies 

15 et caracterises ; Herzog et Zwelling (1997) ont cependant mis en 
evidence deux proteines d'un poids moleculaire apparent de 90 kD 
et de 140 kD qui lient respectivement ICB1 a ICB4 et ICB5. Isaacs 
et ses collaborateurs (1996) ont propose que le NFY ainsi qu'une 
autre proteine non identifiee reconnaissent une boite ICB de la 

20 region promotrice du gene de la topoisomerase Ha; ils ont 
egalement montre que les mutations de ICB2 abrogeaient 
completement la diminution de Tactivite promotrice normalement 
observee dans des cellules arretees a confluence (Isaac et al., 1996). 
lis ont identifie NFY comme un composant d'un complexe induit 

25 par la proliferation et qui se lie in vitro a la sequence ICB2 du 
promoteur du gene de la topoisomerase Ila humaine, bien que NF-Y 
soit toujours detectable dans les cellules arretees a confluence 
(Isaac et aL, 1996). Ils ont propose que ICB2 agisse comme un 
regulateur negatif du promoteur du gene de la topoisomerase Ila 

30 des cellules arretees a confluence et que cette repression puisse 
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etre supprimee dans les cellules proliferatives. La boite ICB2 du 
promoteur du gene de la topoisomerase Ila joue done un role 
primordial dans Tarret du processus proliferatif normal lorsque les 
cellules arrivent a confluence. 
5 Des facteurs de transcription se liant a la sequence ICB 

ainsi que la sequence ICB elle-meme constituent done des cibles 
moleculaires pour controler le taux d'expression de la 
topoisomerase Ila. En intervenant sur ces facteurs, il est possible 
d'envisager de controler Fexpression du gene de la topoisomerase 

10 Ila et par voie de consequence la proliferation cellulaire. 

La presente invention a pour objet la mise en evidence de 
nouveaux facteurs de transcription se liant la boite ICB impliquee 
dans le controle de la proliferation cellulaire. 

Une technique recente appelee systeme « simple-hybride » 

1 5 qui permet d'isoler des clones ADNc codant pour des proteines de 
liaison a l'ADN specifique de certaines sequences a ete utilisee. Ce 
systeme presente un double avantage car il est capable non 
seulement de mettre a jour des interactions ADN-proteine in vivo 
chez la levure mais aussi de donner directement acces aux ADN 

20 complementaires (ADNc) codant les proteines candidates ayant une 
activite de facteur transcription. Le systeme repose principalement 
sur la construction d'une souche de levure test selon le principe 
mis au point par Wang et Reed (1993). Cette souche de levure 
permet le criblage de banques d'ADNc en mettant en evidence 

25 Tinteraction ADN-proteine in vivo par le biais de Tactivation d'un 
gene rapporteur integre au genome de la levure test. 

La presente invention a done pour objet . un polypeptide isole 
denomme ICBP90 (inverted CCAAT box binding protein) de 
30 sequence d'acides amines SEQ ID N°2. Cette sequence comprend : 
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a) un domaine « ubiquitine » comprenant la sequence d'acides 
amines 1 a 75 de la sequence SEQ ID N°2 ; 

b) un domaine « doigt de zinc » de type C4HC3 comprenant la 
sequence d'acides amines 310 a 366 de la sequenee SEQ ID 

5 N°2 et un domaine "doigt de zinc- de type C3HC4 

comprenant la sequence d'acides amines 724 a 763 de la 
sequence ID n° 2; 

c) un domaine « leucine zipper » putatif comprenant la 
sequence d'acides amines 58 a 80 de la sequence SEQ ID 

10 N°2; 

d) deux domaines de localisation nucleaire potentiels 
comprenant les sequences d'acides amines 581 a 600 et 648 
a 670 de la sequence SEQ ID N°2 ; 

e) un site de phosphorylation par une tyrosine kinase 
15 comprenant la sequence d'acides amines 452 a 458 de la 

sequence SEQ ID N°2 ; 

f) des sites de phosphorylation par une proteine kinase 
cAMP/cGMP dependante comprenant les sequences d'acides 
amines 246 a 249, 295 a 298 et 648 a 651 de la sequence 

20 SEQ ID N°2 ; 

g) des sites de phosphorylation par une caseine kinase II 
comprenant la sequence d'acides amines 23 a 26, 57 a 60, 
91 a 94, 109 a 112, 165 a 168, 265 a 268, 354 a 357 et 669 
a 672 de la sequence SEQ ID N°2 ; 

25 h)des sites de phosphorylation par une proteine kinase C 

comprenant la sequence d'acides amines 82 a 84, 104 a 
106, 160 a 162, 173 a 175, 251 a 253, 301 a 303, 380 a 
382, 393 a 395, 504 a 506, 529 a 531, 625 a 627 et 639 a 
641 de la sequence SEQ ID N°2 . 
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La presente invention porte egalement sur un polypeptide isole 
caracterise en ce qu'il comprend un polypeptide choisi parmi : 

a) un polypeptide de sequence SEQ ID N°2, SEQ ID N°4, SEQ 
ID N°6 ou SEQ ID N°8 ; . ' 

5 b) un polypeptide variant de polypeptide de sequences d'acides 

amines defini en a) ; 
c) un polypeptide homologue au polypeptide defini en a) ou b) 
et comportant au moins 80 % dliomologie, de preference 90 
% avec ledit polypeptide de a) ; 
10 d)un fragment d'au moins 5 acides amines consecutifs d*un 

polypeptide defini en a), b) ou c) ; 
e) un fragment biologiquement actif d*un polypeptide defini en 
a), b) ou c). 

II doit etre compris que Tinvention concerne les polypeptides 
15 obtenus par purification a partir de sources naturelles, ou bien 
obtenues par recombinaison genetique, ou encore par synthese 
chimique et pouvant alors comporter des acides amines non 
naturels. 

Dans la presente description, on utilisera le terme 
20 polypeptide pour designer egalement une proteine ou un peptide. 

On entendra par polypeptide variant l'ensemble des 
polypeptides mutes pouvant exister naturellement, en particulier 
chez l'etre humain, et qui correspondent notamment a des 
troncatures, substitutions, deletions et/ou additions de residus 
25 d'amino-acides. Les pol3rpeptides homologues selon Tinvention 
conserve au moins un domaine choisi parmi le domaine de liaison a 
TADN et/ou le domaine d'interaction avec une autre proteine. 

Par polypeptide homologue, on entendra designer les 
polypeptides presentant, par rapport au polypeptide naturel 
30 ICBP90, certaines modifications comme en particulier une deletion, 
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addition ou substitution d'au moins un acide amine, une 
troncature, un allongement et/ou une fusion chimerique. Parmi les 
polypeptides homologues, on prefere ceux dont la sequence decides 
amines presente au moins 80 % dliomologie, de preference 90 %, 
5 de maniere preferee 95 %, et de maniere encore preferee 97 % 
dliomologie avec les sequences d'acides amines des polypeptides 
selon rinvention. Dans le cas d*une substitution, un ou plusieurs 
acides amines consecutifs ou non consecutifs, sont remplaces par 
des acides amines « equivalents *. L'expression acide amine « 

10 equivalent » vise ici a designer tout acide amine susceptible d'etre 
substitue a l*un des acides amines de la structure de base sans 
cependant modifier les caracteristiques ou proprietes fonctionnelles 
essentieUes, comme leurs activites biologiques, des polypeptides 
correspondants telles que induction in vivo d'anticorps capables de 

15 reconnaitre le polypeptide dont la sequence d'acides amines est 
comprise dans la sequence d'acides amines SEQ ID N°2, ou l"un de 
ses fragments ci-dessus definis et notamment la sequence d'acides 
amines SEQ ID N°4, SEQ ID N°6 et SEQ ID N°8 . Ces acides amines 
equivalents peuvent etre determines soit en s'appuyant sur leur 

20 homologie de structure avec les acides amines auxquels ils se 
substituent, soit sur les resultats des essais d'activite biologique 
croisee auxquels les differents polypeptides sont susceptibles de 
donner lieu. A titre d'exemple, on mentionnera les possibilites de 
substitutions susceptibles d'etre effectuees sans qull en resulte 

25 une modification approfondie des activites biologiques des 
polypeptides modifies correspondants, les remplacements, par 
exemple, de la leucine par la valine ou l'isoleucine, de l'acide 
aspartique par l'acide glutamique, de la glutamine par l'asparagine, 
de l'arginine par la lysine etc., les substitutions inverses etant 

30 naturellement envisageables dans les memes conditions. 



WO0W78949 



PCTAFR00/0I747 



10 

Par fragment biologiquement actif, on entendra designer en 
particulier un fragment de sequence d'acides amines de polypeptide 
selon Tinvention presentant au moins une des caracteristiques ou 
proprietes fonctionnelles des polypeptides selon Tinvention, 
5 notamment en ce que : (i) il est capable d'etre reconnu par un 
anticorps specifique d*un polypeptide selon Tinvention ; (ii) il 
presente au moins l*un des domaines ou regions tels que definis ci- 
apres ; (iii) il est capable de se lier a TADN et notamment aux 
boites CCAATT et/ou CCAAT inversee ; (iv) il est capable de moduler 

1 0 le taux d'expression du gene de la topoisomerase Hot ; (v) il est 
capable de moduler la proliferation cellulaire. 

Par fragment de polypeptide, on entend designer un 
polypeptide comportant au minimun 5 acides amines, de preference 
7 acides amines, de maniere preferee 10 et de maniere encore 

15 preferee 15 acides amines. Les fragments de polypeptide selon 
Invention obtenus par clivage dudit polypeptide par une enzyme 
proteolytique, par un reactif chimique, ou encore en plagant ledit 
polypeptide dans un environnement tres acide font egalement 
partie de Tinvention. 

20 Le polypeptide selon Tinvention peut egalement s'associer a 

d'autres polypeptides par des interactions proteine-proteine. On 
entend designer par interactions proteine-proteine, des associations 
mettant directement en contact au moins deux proteines. Ainsi, le 
polypeptide de Tinvention peut se dimeriser pour former des 

25 homodimeres ou des heterodimeres, ou s'associer sous la forme 
dTiomomultimeres ou dTieteromultimeres. Le polypeptide selon 
invention peut egalement interagir avec un autre polypeptide pour 
exercer son action ; ainsi, le polypeptide selon Tinvention peut 
posseder, en plus de son domaine de liaison a TADN, un domaine 

30 d'action sur la transcription qui exerce son action via des 
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interactions proteine-proteine avec d'autres composants proteique 
de la machinerie transcriptionnelle. On entend designer par 
composant proteique de la machinerie transcriptionnelle tous les 
facteurs de transcription necessaires a la realisation- €t a la 
5 regulation de la reaction de transcription. 

Le polypeptide selon Tinvention est caracterise en ce qu'il est 
capable de se lier a une sequence d'ADN et en ce qu'il est comporte 
au moins un domaine de fixation a PADN selectionne dans le 
groupe compose d*un domaine « doigt de zinc » (zinc-finger) et d*un 

1 0 domaine « leucine zipper » ; la sequence d'ADN sur laquelle se lie 
ledit polypeptide est une boite CCAAT, de preference une une boite 
CCAAT inversee (inverted CCAAT box : ICB). 

On entend designer par liaison a une sequence d'ADN, une 
interaction specifique entre le polypeptide de ^invention et une 

1 5 sequence d'ADN au moyen d*une serie de liaisons faibles 
contractees entre les acides amines de la proteine et les bases. Le 
polypeptide selon Pinvention possede au moins un domaine de 
liaison a PADN qui contient au moins un des motifs proteiques 
connus susceptibles d'interagir avec PADN, c'est-a-dire la structure 

20 en doigt de gant a laquelle est associee un atome de zinc (« zinc- 
finger »), la structure helice-tour-helice, la structure helice-boucle- 
helice et la fermeture eclair a leucines (« leucine-zipper »). 

Par motif en doigt de gant (« zinc-finger »), on entend designer 
une sequence d*une vingtaine d'acides amines ayant dans Tespace 

25 une forme de doigt de gant. II en existe deux types : ceux qui 
contiennent quatre cysteines (C4) et ceux qui contiennent deux 
cysteines et deux histidines (C2H2). Ces acides amines definissent 
la nature du doigt de gant et sont situes a sa base et un ion Zn++ 
est situe au centre du carre forme par ces quatre acides amines. Le 
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polypeptide selon rinvention possede potentiellement deux motifs 
de type C4. 

Par motif de type « leucine zipper », on entend designer des 
motifs appartenant a des facteurs de transcription dimeri^ue qui 
5 sont soit des homodimeres, soit des heterodimeres. Le monomere 
est constitue d*une sequence a caractere basique qui interagit de 
maniere specifique avec I'ADN et d*un domaine hydrophobe en 
helice a qui interagit avec le domaine homologue de Tautre chaine. 
Dans ce domaine se trouve une leucine tous les 7 aminoacides, 
10 c'est-a-dire a chaque tour dTielice. Toutes ces leucines sont 
alignees et Interaction se fait a leur niveau entre les deux 
monomeres. Le polypeptide selon Hnvention possede 
potentiellement un motif de type « leucine zipper ». 

I/invention concerne egalement un polynucleotide isole 
15 caracterise en ce qull code pour un polypeptide de sequence SEQ 
ID N°l tel que defini precedemment. De maniere preferee, le 
polynucleotide selon Tinvention possede la sequence SEQ ID N°l. 

I/invention concerne egalement le polynucleotide isole 
caracterise en ce qu'il comprend un polynucleotide choisi parmi : 
20 a) un polynucleotide de sequence SEQ ID N°l, SEQ ID N°3, 

SEQ ID N°5 ou SEQ ID N°7 ou dont la sequence est celle de 
TARN corrcspondant a la sequence SEQ ID N°l, SEQ ID N°3, 
SEQ ID N°5 ou SEQ ID N°7 ; 

b) un polynucleotide dont la sequence est complementaire de 
25 la sequence d*un polynucleotide defini en a), 

c) un polynucleotide dont la sequence comporte au moins 80% 
dTiomologie avec un polynucleotide defini en a) ou b), 

d) un polynucleotide hybridant dans des conditions de forte 
stringence avec une sequence de polynucleotide defini en a), 

30 b) ou c), 
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e) un fragment d'au moins 15 nucleotides consecutifs, de 
preference 21 nucleotides consecutifs, et de maniere 
preferee 30 nucleotides consecutifs d*un polynucleotide 
defini en a), b), c) ou d) a l'exception de l'EST humain'AI 084 
5 125, a l'exception de la sequence correspondant a la 

sequence SEQ ID N° 944 publiee le 5 aout 1999 dans la 
demande de brevet WO 99 38972 et a l'exception des 
sequences SEQ ID N°9, N°10 et N°ll correspondant 
respectivement aux EST humains N° AI 083 773, N° AA 811 
10 055, N° AA 488 755, N° AA 129 794 et N° AA 354 253 

presentes dans les bases de donnees dTEST humains 
(« human dbest). 

Dans la presente description, on entendra designer par 
polynucleotide, oligonucleotide, sequence de polynucleotide, 

15 sequence nucleotidique ou acide nucleique un fragment d'ADN, 
aussi bien un ADN double brin, un ADN simple brin que des 
produits de transcription desdits ADNs, et/ou un fragment d'ARN, 
lesdits fragments naturels isoles, ou de synthese, comportant ou 
non des nucleotides non naturels, designant un enchainement 

20 precis de nucleotides, modifies ou non, permettant de definir un 
fragment ou une region d*un acide nucleique. 

Par polynucleotide de sequence complementaire, on entend 
designer tout ADN dont les nucleotides sont complementaires de 
ceux de la SEQ ID N° 1, SEQ ID N°3, SEQ ID N°5, SEQ ID N°7 ou 

25 d*une partie de la SEQ ID N° 1, SEQ ID N°3, SEQ ID N°5, SEQ ID 
N°7 et dont Indentation est inversee. 

Par pourcentage dliomologie au sens de la presente 
invention, on entend un pourcentage d'identite entre les bases de 
deux polynucleotides, ce pourcentage etant purement statistique et 

30 les differences entre les deux polynucleotides etant reparties au 
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hasard et sur toute leur longueur. Selon Tinvention, les 
polynucleotides de sequence nucleique homologue presentent un 
taux dTiomologie d'au moins 80 %, de preference 90 %, de maniere 
preferee 95 %, de maniere encore preferee 97 %. 
5 Une hybridation dans des conditions de forte stringence 

signifie que les conditions de temperature et de force ionique sont 
choisies de telle maniere qu'elles permettent le maintien de 
ITiybridation entre deux fragments d'ADN complementaires. A titre 
illustratif, des conditions de forte stringence de Tetape 

10 dTiybridation aux fins de definir les fragments polynucleotidiques 
decrits ci-dessus, sont avantageusement les suivantes : 

LTiybridation ADN-ADN ou ADN-ARN est realisee en deux 
etapes: (1) prehybridation a 42°C pendant 3 heures en tampon 
phosphate (20 mM, pH 7,5) contenant 5 x SSC (1 x SSC correspond 

1 5 a une solution 0,15 M NaCl + 0,015 M citrate de sodium), 50 % de 
formamide, 7 % de sodium dodecyl sulfate (SDS), 10 x Denhard's, 5 
% de dextran sulfate et 1 % d'ADN de sperme de saumon ; (2) 
hybridation proprement dite pendant 20 heures a une temperature 
dependant de la taille de la sonde (i.e. : 42°C, pour une sonde de 

20 taille > 100 nucleotides) suivie de 2 lavages de 20 minutes a 20°C 
en 2 x SSC + 2 % SDS, 1 lavage de 20 minutes a 20°C en 0,1 x SSC 
+ 0,1 % SDS. Le dernier lavage est pratique en 0,1 x SSC + 0,1 % 
SDS pendant 30 minutes a 60°C pour une sonde de taille > 100 
nucleotides. Les conditions dliybridation de forte stringence 

25 decrites ci-avant pour un polynucleotide de taille definie, seront 
adaptees par lliomme du metier pour des oligonucleotides de taille 
plus grande ou plus petite, selon Tenseignement de Sambrook et 
ai, 1989. 

Avantageusement, un fragment nucleotidique repondant a la 
30 definition precedente aura au moins 15 nucleotides consecutifs, de 
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preference au moins 21 nucleotides, et encore plus 
preferentiellement au moins 30 nucleotides consecutifs de la 
sequence dont il est issu. 

Par EST (« expressed sequence tag »), on entend designer des 
5 sequences exprimees, caracterisees dans une banque d'ADN 
complementaire (ADNc) et utilisees comme balise cartographique de 
TADN genomique. 

Selon un mode de realisation de Tinvention, le polynucleotide 
selon Tinvention se caracterise en ce qu'il est marque directement 

10 ou indirectement par un compose radioactif ou un compose non 
radioactif. Utilisation d*un polynucleotide selon Tinvention en tant 
qu'amorce pour Tamplification ou la polymerisation de sequences 
nucleiques ; Hnvention porte egalement sur l*utilisation d*un 
polynucleotide selon invention en tant que sonde pour la detection 

15 de sequences nucleiques. Selon Tinvention, les fragments de 
polynucleotides pouvant etre utilises comme sonde ou comme 
amorce dans des precedes de detection, d'identification, de dosage 
ou d'amplification de sequence nucleique, presenteront une taille 
minimale de 9 bases, de preference de 18 bases, et de maniere plus 

20 preferee 36 bases. Enfin, Tinvention porte sur lYitilisation d*un 
polynucleotide selon Tinvention en tant que sequence d'acide 
nucleique sens ou antisens pour controler Texpression du produit 
proteique correspondant. 

Les sequences de polynucleotides selon Tinvention non 

25 marquees peuvent etre utilisees directement comme sonde, amorce 
ou oligonucleotide ; cependant les sequences utilisees sont 
generalement marquees pour obtenir des sequences utilisables 
pour de nombreuses applications. Le marquage des amorces, des 
sondes, des oligonucleotides selon Tinvention est realise par des 

30 elements radioactifs ou par des molecules non radioactives ; parmi 
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les isotopes radioactifs utilises, on peut citer le 32 P, le 33 P, le ^S, le 
3 H ou le l25 L Les entites non radioactives sont selectionnees parmi 
les ligands tels la biotine, Tavidine, la streptavidine, la dioxygenine, 
les haptenes, les colorants, les agents luminescents tels ^que les 
5 agents radioluminescents, chemiluminescents, bioluminescents, 
fluorescents, phosphorescents. 

Les polynucleotides selon Tinvention peuvent ainsi etre 
utilises comme amorce et/ou sonde dans des precedes mettant en 
oeuvre notanunent la technique PCR (reaction en chaine a la 

10 polymerase)(Erlich, 1989 ; Innis et a£, 1990, et Rolfs et al., 1991), 
Cette technique necessite le choix de paires d 'amorces 
oligonucleotidiques encadrant le fragment qui doit etre amplifie. On 
peut, par exemple, se referer a la technique decrite dans le brevet 
americain U.S. N° 4 683 202. Les fragments amplifies peuvent etre 

15 identifies, par exemple apres une electrophorese en gel d'agarose 
ou de polyaciylamide, ou apres une technique chromatographique 
comme la filtration sur gel ou la chromatographic echangeuse 
d'ions. La specificite de l'amplification peut etre controlee par 
hybridation moleculaire en utilisant comme sonde les sequences 

20 nucleotidiques de polynucleotides de Tinvention, des plasmides 
contenant ces sequences ou leurs produits d'amplification. Les 
fragments nucleotidiques amplifies peuvent etre utilises comme 
reactifs dans des reactions dTiybridation afin de mettre en evidence 
la presence, dans un echantillon biologique, d*un acide nucleique 

25 cible de sequence complementaire a celle desdits fragments 
nucleotidiques amplifies. 

L'invention vise egalement les fragments nucleotidiques 
susceptibles d'etre obtenus par amplification a l'aide d'amorces 
selon Tinvention. 
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D'autres techniques d'amplification de Tacide nucleique 
cible peuvent etre avantageusement employees comme alternative a 
la PCR (PCR-like) a Taide de couple d'amorces de sequences 
nucleotidiques selon Tinvention. Par PCR-like on entendra designer 
5 toutes les methodes mettant en oeuvre des reproductions directes 
ou indirectes des sequences d'acides nucleiques, ou bien dans 
lesquelles les systemes de marquage ont ete amplifies, ces 
techniques sont bien entendu connues, en general il s'agit de 
1'amplification de TADN par une polymerase ; lorsque 1'echantillon 

10 d'origine est un ARN il convient prealablement d'effectuer une 
transcription inverse. II existe actuellement de tres nombreux 
precedes permettant cette amplification, comme par exemple la 
technique SDA (Strand Displacement Amplification) ou technique 
d'amplification a deplacement de brin (Walker et al. 9 1992), la 

15 technique TAS (Transcription-based Amplification System) decrite 
par Kwoh et at en 1989, la technique 3SR (Self-Sustained 
Sequence Replication) decrite par Guatelli et at en 1990, la 
technique NASBA (Nucleic Acid Sequence Based Amplification) 
decrite par Kievitis et aL en 1991, la technique TMA (Transcription 

20 Mediated Amplification), la technique LCR (Ligase Chain Reaction) 
decrite par Landegren et at en 1988 et perfectionnee par Barany et 
aL en 1991, qui emploie une ligase thermostable, la technique de 
RCR (Repair Chain Reaction) decrite par Segev en 1992, la 
technique CPR (Cycling Probe Reaction) decrite par Duck et al. en 

25 1990, la technique d'amplification a la Q-beta-replicase decrite par 
Miele et aL en 1983 et perfectionnee notamment par Chu et at en 
1986 et Lizardi et aL en 1988, puis par Burg et at ainsi que par 
Stone et at en 1996. 

Dans le cas ou le polynucleotide cible a detecter est un ARN, 

30 par exemple un ARNm, on utilisera avantageusement, 
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prealablement a la mise en oeuvre d*une reaction d'amplification a 
l'aide des amorces selon Tinvention ou a la mise en oeuvre d*un 
precede de detection a l'aide des sondes de ^invention, une enzyme 
de type transcriptase inverse afin d'obtenir un ADNc a.partir de 
5 TARN contenu dans 1'echantillon biologique. L'ADNc obtenu servira 
alors de cible pour les amorces ou les sondes mises en oeuvre dans 
le precede d'amplification ou de detection selon Tinvention. 

Les sondes nucleotidiques selon ^invention hybrident 
specifiquement avec une molecule d'ADN ou d'ARN de 

10 polynucleotide selon Tinvention, plus particulierement avec la 
sequence SEQ ID N° 1 codant pour le polypeptide ICBP90, dans des 
conditions d*hybridation de forte stringence telles que donnees sous 
forme d'exemple precedemment. 

La technique dTiybridation peut etre realisee de manieres 

15 diverses (Matthews et al., 1988), La methode la plus generate 
consiste a immobiliser Facide nucleique extrait des cellules de 
differents tissus ou de cellules en culture sur un support (tel que la 
nitrocellulose, le nylon, le polystyrene) et a incuber, dans des 
conditions bien definies, Tacide nucleique cible immobilise avec la 

20 sonde. Apres lTiybridation, Texces de sonde est elimine et les 
molecules hybrides formees sont detectees par la methode 
appropriee (mesure de la radioactivite, de la fluorescence ou de 
l'activite enzymatique liee a la sonde). 

Selon un autre mode de mise en oeuvre des sondes 

25 nucleiques selon Tinvention, ces dernieres peuvent etre utilisees 
comme sonde de capture. Dans ce cas, une sonde, dite « sonde de 
capture », est immobilisee sur un support et sert a capturer par 
hybridation specifique Tacide nucleique cible obtenu a partir de 
Techantillon biologique a tester et Tacide nucleique cible est ensuite 
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detecte grace a une seconde sonde, dite « sonde de detection », 
marquee par un element facilement detectable. 

Dans un mode prefere de realisation, ^invention comprend 
utilisation d'un oligonucleotide sens ou antisens pour.controler 
5 1'expression du produit proteique correspondant. Parmi les 
fragments d'acides nucleiques interessants, il faut citer en 
particulier les oligonucleotides anti-sens, c'est-a-dire dont la 
structure assure, par hybridation avec la sequence cible, une 
inhibition de 1'expression du produit correspondant. II faut 

10 egalement citer les oligonucleotides sens qui, par interaction avec 
des proteines impliquees dans la regulation de Texpression du 
produit correspondant, induiront soit une inhibition, soit une 
activation de cette expression. Les oligonucleotides selon Tinvention 
presentent une taille minimale de 9 bases, de preference de 18 

1 5 bases, et de maniere plus preferee 36 bases. 

I/invention concerne un vecteur recombinant de clonage 
d*un polynucleotide selon Tinvention et/ou d'expression d*un 
polypeptide selon Tinvention caracterise en ce qu'il contient un 
polynucleotide selon ^invention tel que precedemment decrit. Le 

20 vecteur selon Tinvention est caracterise en ce qu'il comporte les 
elements permettant Texpression eventuellement la secretion 
desdites sequences dans une cellule hote. Ces vecteurs sont utiles 
pour transformer des cellules hotes afin de doner ou d'exprimer les 
sequences nucleotidiques de Tinvention. Des vecteurs particuliers 

25 sont par exemple des vecteurs d'origine virale ou plasmidique. 
Parmi ces vecteurs, on prefere ceux de la serie pGEX (Pharmacia) 
pour Texpression dans les bacteries ou pSG5 (Stratagene, La Jolla, 
CA USA) pour 1'expression en systeme eucaiyote. 

Selon un mode particulier de realisation, le vecteur selon 

30 Tinvention comporte des elements de controle de Texpression des 
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polypeptides ; ces elements de controle sont choisis de preference 
parmi (i) la sequence promotrice du gene ICBP90 selon 
Tinvention qui correspond a la sequence SEQ ID N°12 ; (ii) un 
polynucleotide dont la sequence est complementaire a la. sequence 
5 SEQ ID N° 12 ; (iii) un polynucleotide dont la sequence comporte au 
moins 80% d'identite avec un polynucleotide defini en (i) ou (ii) ; (iv) 
un polynucleotide hybridant dans des conditions de forte 
stringence avec la sequence de polynucleotide definie en (i), (ii), (iii). 
Les outils informatiques a la disposition de lliomme du metier lui 

10 permettent aisement d'identifier les boites regulatrices promotrices 
necessaires et suffisantes au controle de Texpression genique, 
notamment les boites TATA, CCAAT, GC, ainsi que les sequences 
regulatrices stimulatrices (« enhancer ») ou inhibitrices (« silencers ») 
qui controlent en CIS Texpression des genes selon Tinvention. 

15 II est egalement dans Tetendue de Invention d*utiliser les 

elements ci-dessus definis et choisis parmi la sequence SEQ ID 
N°12 pour controler Texpression de polypeptides heterologues 
autres que ceux de Tinvention et notamment pour dinger 
Texpression de polypeptides heterologues dans les types cellulaires 

20 dans lesquels les polypeptides selon Tinvention s'expriment 
normalement. 

I/invention comprend en outre les cellules hotes, 
notamment les cellules eucaryotes et procaryotes, caracterisees en 
ce qu'elles sont transformees par les vecteurs selon llnvention. De 

25 preference, les cellules hotes sont transformees dans des conditions 
permettant Texpression d*un polypeptide recombinant selon 
Tinvention. L/hdte cellulaire peut etre choisi parmi les cellules 
bacteriennes (Olins et Lee, 1993), mais egalement les cellules de 
levure (Buckholz, 1993), de meme que les cellules animales, en 

30 particulier les cultures de cellules de mammiferes (Edwards et 
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Aruffo, 1993), mais egalement les cellules d'insectes dans lesquelles 
on peut utiliser des precedes mettant en oeuvre des baculovirus 
par exemple (Luckow, 1993). Ces cellules peuvent etre obtenues par 
Introduction dans des cellules botes d*une sequence nuclecrtidique 
5 inseree dans un vecteur tel que defini ci-dessus, puis la xnise en 
culture desdites cellules dans des conditions permettant la 
replication et/ou Pexpression de la sequence nucleotidique 
transfectee. 

Ltavention concerne egalement une methode de preparation 

10 d*un polypeptide caracterise en ce qu*Q met en oeuvre un vecteur 
selon Pinvention. Plus particulierement, Pinvention porte sur une 
methode de preparation d*un polypeptide recombinant caracterise 
en ce que Ton cultive des cellules transformees selon Pinvention 
dans des conditions permettant Pexpression dudit polypeptide 

1 5 recombinant et que Ton recupere ledit polypeptide recombinant. 

Le polypeptide selon Pinvention est susceptible d'etre obtenu 
selon un precede de Pinvention et selon les techniques de 
production de polypeptides recombinants connues de lTiomme du 
metier. La presente invention concerne done le polypeptide 

20 recombinant susceptible d'etre obtenu par la methode ci-dessus 
presentee. Dans ce cas, la sequence d'acide nucleique utilisee est 
placee sous le controle de signaux permettant son expression dans 
un hote cellulaire. Un systeme efficace de production d*un 
polypeptide recombinant necessite de disposer d*un vecteur, par 

25 exemple d'origine plasmidique ou virale, et d*une cellule hote 
compatible. Le vecteur doit comporter un promoteur, des signaux 
d'initiation et de terminaison de la traduction, ainsi que des regions 
appropriees de regulation de la transcription, n doit pouvoir etre 
maintenu de fagon stable dans la cellule et peut eventuellement 

30 posseder des signaux particuliers specifiant la secretion du 



WO 00/78949 



PCT/FR00/01747 



polypeptide traduit. Ces differents signaux de controle sont choisis 
en fonction de lliote cellulaire utilise. A cet effet, les sequences 
d'acide nucleique selon Tinvention peuvent etre inserees dans des 
vecteurs a replication autonome au sein de lTiote choisi,.'Ou des 
5 vecteurs integratifs de lliote choisi. De tels vecteurs seront 
prepares selon les methodes couramment utilisees par ITiomme du 
metier, et les clones en resultant peuvent etre introduits dans un 
hote approprie par des methodes standards telles par exemple la 
transfection par precipitation au phosphate de calcium, la 
1 0 lipofection, Telectroporation, le choc thermique. 

Les polypeptides recombinants obtenus comme indique ci- 
dessus, peuvent aussi bien se presenter sous forme glycosylee que 
non glycosylee et peuvent presenter ou non la structure tertiaire 
naturelle. 

1 5 Les polypeptides obtenus par synthese chimique et pouvant 

comporter des acides amines non naturels correspondant auxdits 
polypeptides recombinants, sont egalement compris dans 
Hnvention. Les peptides selon Tinvention peuvent egalement etre 
prepares par les techniques classiques, dans le domaine de la 

20 synthese des peptides. Cette synthese peut etre realisee en solution 
homogene ou en phase solide. 

Les precedes de purification de polypeptide recombinant 
utilises sont connus de ttiomme du metier. Le polypeptide 
recombinant peut etre purifie a partir de lysats et extraits 

25 cellulaires, du surnageant du milieu de culture, par des methodes 
utilisees individuellement ou en combinaison, telles que le 
fractionnement, les methodes de chromatographic les techniques 
d'immuno-affinite a l'aide d'anticorps mono ou polyclonaux 
specifiques, etc. 
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Une variante preferee consiste a produire un polypeptide 
recombinant fusionne a une proteine « porteuse » (proteine 
chimere). L'avantage de ce systeme est qu'il permet une 
stabilisation et une diminution de la proteolyse du produit 
5 recombinant, une augmentation de la solubilite au cours de la 
renaturation in vitro et/ou une simplification de la purification 
lorsque le partenaire de fusion possede une affinite pour un ligand 
specifique. 

L'invention concerne egalement un anticorps monoclonal ou 
10 polyclonal et ses fragments, caracterises en ce qu'ils lient 
specifiquement un polypeptide selon Tinvention. Les anticorps 
chimeriques, les anticorps humanises et les anticorps simple 
chalne font egalement partie de Tinvention. Les fragments 
d'anticorps selon Tinvention sont de preference des fragments Fab 
15 ouF(ab12. 

Les polypeptides selon Tinvention permettent de preparer 
des anticorps monoclonaux ou polyclonaux. Les anticorps 
monoclonaux pourront avantageusement etre prepares a partir 
dTiybridomes selon la technique decrite par Kohler et Milstein en 

20 1975. Les inventeurs ont employe cette technique pour obtenir un 
hybridome produisant un nouvel anticorps monoclonal hautement 
specifique d'un epitope de la proteine ICBP90. 

Les anticorps polyclonaux pourront etre prepares, par exemple 
par immunisation d'un animal, en particulier une souris, avec un 

25 polypeptide selon Tinvention associe a un adjuvant de la reponse 
immunitaire, puis purification des anticorps specifiques contenus 
dans le serum des animaux immunises sur une colonne d 'affinite 
sur iaquelle a prealablement ete fixe le polypeptide ayant servi 
d'antigene. Les anticorps polyclonaux selon Tinvention peuvent 

30 aussi etre prepares par purification sur une colonne d'affinite, sur 
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laquelle a prealablement ete immobilise un polypeptide selon 
Pinvention. 

Llnvention porte egalement sur un anticorps monoclonal 
specifique de la proteine ICBP90 humaine et capable, dlnhiber 
5 Pinteraction entre ICBP90 et la sequence d'ADN sur laquelle se lie 
specifiquement la proteine ICBP90. Selon un autre mode de 
realisation, 1'anticorps monoclonal selon llnvention et specifique de 
la proteine ICBP90 humaine est capable dlnhiber Pinteraction entre 
ICBP90 et les proteines avec lesquelles ICBP90 interagit, lesdites 

10 proteines etant de preference ICBP90 elle-meme ou des proteines 
du complexe transcriptionnel. Par proteines du complexe 
transcriptionnel, on entend designer toutes les proteines 
intervenant dans la reaction de la transcription que se soit 
rinitiation, Pelongation ou la terminaison de la transcription. 

15 Les anticorps de llnvention pourront egalement etre 

marques de la raeme maniere que decrit precedemment pour les 
sondes nucleiques de llnvention et de maniere preferee avec un 
marquage de type enzymatique, fluorescent ou radioactif. 

Par ailleurs, outre leur utilisation pour la purification des 

20 polypeptides, les anticorps de Pinvention, en particulier les 
anticorps monoclonaux, peuvent egalement etre utilises pour la 
detection de ces polypeptides dans un echantillon biologique. 

Us constituent ainsi un moyen d'analyse de Pexpression de 
polypeptide selon Pinvention, par exemple par immunofluorescence, 

25 marquage a Por, immunoconjugues enzymatiques. 

Plus generalement, les anticorps de Pinvention peuvent etre 
avantageusement mis en oeuvre dans toute situation ou 
Pexpression d*un polypeptide selon Pinvention doit etre observee, et 
plus particulierement en immunocjrtochimie, en 
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immunohistochimie ou dans des experiences de « western 
blotting ». 

Ainsi, Tinvention concerne une methode de detection et/ou 
de dosage d*un polypeptide selon Tinvention, dans un echantillon 
5 biologique, caracterise en ce qull comprend les etapes suivantes de 
mise en contact de Techantillon biologique avec des anticorps selon 
Tinvention puis de mise en evidence du complexe antigene- 
anticorps forme. Cette methode peut etre utilisee en 
iinmunocytochimie pour la localisation cellulaire du polypeptide 

10 selon llnvention et en immunohistochimie pour evaluer la 
proliferation cellulaire. 

Entre egalement dans le cadre de Tinvention, un necessaire 
pour la detection et/ou le dosage d\in polypeptide selon Tinvention 
dans un echantillon biologique, caracterise en ce qull comprend les 

1 5 elements suivants : (i) un anticorps monoclonal ou polyclonal tel 
que decrit precedemment ; (ii) le cas echeant, les reactifs pour la 
constitution du milieu propice a la reaction immunologique ; (iii) les 
reactifs permettant la detection des complexes antigene-anticorps 
produits par la reaction immunologique. Ce kit est notamment utile 

20 a la realisation d'experiences de Western Blotting ; celles-ci 
permettent d'etudier la regulation de Texpression du poljrpeptide 
selon invention a partir de tissus ou de cellules. Ce kit est 
egalement utile aux experiences d'immunoprecipitation pour mettre 
en evidence notamment les proteines interagissant avec le 

25 polypeptide selon Tinvention. 

Toute procedure classique peut etre mise en oeuvre pour 
realiser une telle detection et/ou dosage. A titre d'exemple, une 
methode preferee met en jeu des processus immunoenzymatiques 
selon la technique ELISA, par immunofluorescence, ou radio- 

30 immunologique (RIA) ou equivalent. 
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L'invention comprend egalement une methode de detection 
et/ou de dosage d'acide nucleique selon Tinvention, dans un 
echantillon biologique, caracterise en ce qu*il comporte les etapes 
suivantes: (i) d'isolement de TADN a partir de Techantillon 
5 biologique a analyser, ou obtention d*un ADNc a partir de TARN de 
Techantillon biologique ; (ii) d'amplification specifique de 1'ADN 
codant pour le polypeptide selon Invention a Taide d'amorces ; (iii) 
d'analyse des produits ^amplification. 

L'invention comprend en outre un necessaire pour la 

10 detection et/ou le dosage d\in acide nucleique selon Tinvention, 
dans un echantillon biologique, caracterise en ce qu 11 comprend les 
elements suivants : (i) un couple d'amorces nucleiques selon 
Tinvention, (ii) les reactifs necessaires pour effectuer une reaction 
d'amplification d'ADN, et eventuellement (iii) un composant 

15 permettant de verifier la sequence du fragment amplifie, plus 
particulierement une sonde selon rinvention. 

L'invention comprend aussi une methode de detection et/ou 
de dosage d'acide nucleique selon Tinvention, dans un echantillon 
biologique, caracterise en ce qu'il comporte les etapes suivantes : (i) 

20 de mise en contact d Yme sonde selon Tinvention avec un 
echantillon biologique ; (ii) de detection et/ou de dosage de lliybride 
forme entre ladite sonde et TADN de Techantillon biologique. 

L*invention comprend egalement un necessaire pour la 
detection et/ou le dosage d'acide nucleique selon Tinvention, dans 

25 un echantillon biologique, caracterise en ce quH comprend les 
elements suivants : (i) une sonde selon Tinvention, (ii) les reactifs 
necessaires a la mise en oeuvre d*une reaction dTiybridation, et le 
cas echeant, (iii) un couple d'amorces selon Tinvention, ainsi que 
les reactifs necessaires a une reaction d'ampiification de TADN. 
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[/invention concerne particulierement les precedes selon 
Tinvention et decrits ci-dessus, pour la detection et le diagnostic de 
proliferation cellulaire, et plus particulierement de proliferation 
cellulaire d'origine cancereuse. - ' 

5 L'invention concerne egalement une methode de criblage de 

ligands susceptibles d'affecter Tactivite transcriptionnelle d*un gene 
dont le promoteur comporte des boites CCAAT et/ou CCAAT 
inversees susceptibles de lier un polypeptide selon Tinvention, 
ladite methode etant caracterisee en ce qu'elle comporte les etapes 

10 suivantes de mise en contact dudit polypeptide et d*un ou plusieurs 
ligand(s) potentiel(s) en presence de reactifs necessaires a la mise 
en oeuvre d*une reaction de transcription ou de detection et/ou de 
mesure de Tactivite transcriptionnelle. C'est egalement un des 
objets de Tinvention de fournir un kit ou un necessaire pour le 

15 criblage de ligands susceptibles d'affecter Tactivite 
transcriptionnelle d*un gene dont le promoteur comporte des boites 
CCAAT et/ou CCAAT inversees susceptibles de lier un polypeptide 
selon Tinvention caracterise en ce qu'il comprend les elements 
suivants : (i) un polypeptide selon Tinvention ; (ii) un ligand ; (iii) les 

20 reactifs necessaires a la mise en oeuvre dYrne reaction de 
transcription. 

Le polypeptide ICBP90 selon Tinvention presente une fonction 
de recepteur nucleaire. Par recepteur nucleaire, on entend designer 
un polypeptide qui possede les proprietes essentielles des 

25 recepteurs nucleaires dTiormones. Cette superfamille de gene 
contient entre autres les recepteurs nucleaires a Tacide retinolque 
(RAR, RXR,...), les recepteurs nucleaires aux hormones steroides 
(glucocorticoides, mineralocorticoides, progesterone, androgene, 
oestrogene), et les recepteurs nucleaires aux hormones 

30 thyroldiennes (hormone T3). C'est done egalement un des objets de 
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la presente invention de fournir un precede de criblage de ligand 
susceptible d'affecter la fonction « recepteur nucleaire » du 
polypeptide selon rinvention. Un tel precede comporte les etaptes 
de : 

5 a) mise en contact du polypeptide de Tinvention et d*un ou 

plusieurs ligands potentiels en presence de reactifs 
necessaires ; 

b) detection et/ou mesure de l'activite transcriptionnelle 
d*un gene dont le promoteur comporte des sequences 
10 nucleotidiques sur lesquelles sont susceptibles de se lier 

le polypeptide de llnvention. De preference, lesdites 
sequences nucleotidiques sont des boltes CCAAT et/ou 
CCAAT inversees (ICB). 
Les techniques de detection et/ou de mesure de l'activite 
15 transcriptionnelle sont connues de lTiomme du metier. II convient 
notamment de citer les technologies de Northern Blotting et de RT- 
PCR qui peuvent etre mises en oeuvre avec les polynucleotides de 
rinvention utilises respectivement comme sonde ou comme amorce. 
Par ligand, on entend definir tous les composes susceptibles 
20 d'interagir avec le polypeptide selon rinvention pour former un 
complexe susceptible d'affecter l'activite transcriptionnelle, c'est-a- 
dire d'augmenter, de diminuer, de moduler ou d'annuler la 
transcription d'un gene sous le controle d f un promoteur contenant 
une sequence d'ADN a laquelle se lie le polypeptide de rinvention. 
25 Un tel ligand est done susceptible d'avoir une activite 

agoniste ou antagoniste. Parmi les ligands selon rinvention, il 
convient de citer les molecules biologiques interagissant avec le 
polypeptide selon rinvention, ainsi que tous les composes 
chimiques de ssmthese. Parmi les ligands, il convient egalement de 
30 citer ranticorps selon rinvention, ainsi qu*un oligonucleotide 
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presentant une identite de sequence avec la sequence nucleotidique 
CCAAT et/ou CCAAT inversee ; un tel ligand est susceptible de 
constituer un inhibiteur du polypeptide selon Tinvention. 

L'invention porte egalement sur le ligand susceptible d'etre 
5 obtenu par les precedes de criblage precedents. 

On entend definir egalement par ligand tout compose 
susceptible de se lier a la sequence d'ADN de liaison du polypeptide 
selon invention. Un tel ligand constitue un inhibiteur competitif 
du polypeptide selon Tinvention pour la liaison a la sequence 
10 d'ADN. 

De preference, Techantillon biologique selon Tinvention dans 
lequel est realise la detection et le dosage est constitue par un 
fluide corporel, par exemple un serum humain ou animal, du sang, 
de la salive, du mucus pulmonaire, ou par des biopsies. Entre 

15 egalement dans la definition d*un echantillon biologique de 
Tinvention le liquide biologique resultant d*un lavage broncho- 
alveolaire obtenu egalement lors des analyses diagnostiques des 
cancers des voies aeriennes profondes. 

Selon un autre aspect, Invention concerne un compose 

20 caracterise en ce qu'il est choisi parmi un anticorps, un 
polypeptide, un ligand, un polynucleotide, un oligonucleotide ou un 
vecteur selon Tinvention a titre de medicament et notamment en 
tant que principes actifs de medicament ; ces composes seront 
preferentiellement sous forme soluble, associes a un vehicule 

25 pharmaceutiquement acceptable. Par vehicule 

pharmaceutiquement acceptable, on entend designer tout type de 
vehicule employe habituellement dans la preparation de 
compositions injectables, e'est-a-dire un diluant, un agent de 
suspension tel une solution saline isotonique ou tamponnee. De 

30 preference, ces composes seront administres par voie systemique, 
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en particulier par voie intraveineuse, par voie intramusculaire, 
intradermique ou par voie orale. Leurs modes d'administration, 
posologies et formes galeniques optimaux peuvent etre determines 
selon les criteres generalement pris en compte dans retabjissement 
5 d*un traitement adapte a un patient comrae par exemple l'age ou le 
poids corporel du patient, la gravite de son etat general, la tolerance 
au traitement et les effets secondaires constates, etc. 

Selon un autre aspect, Tinvention concerne un compose 
caracterise en ce qu'il est choisi parmiun polypeptide, un 

10 polynucleotide, un polynucleotide antisens, un anticorps, un 
vecteur, une cellule, un ligand selon Tinvention a titre de 
medicament et notamment en tant que principes actifs de 
medicament ; ces composes seront preferentiellement sous forme 
soluble, associes a un vehicule pharmaceutiquement acceptable. 

15 Par vehicule pharmaceutiquement acceptable, on entend designer 
tout type de vehicule employe habituellement dans la preparation 
de compositions injectables, c'est-a-dire un diluant, un agent de 
suspension tel une solution saline isotonique ou tamponnee. De 
preference, ces composes seront administres par voie systemique, 

20 en particulier par voie intraveineuse, par voie intramusculaire, 
intradermique ou par voie orale. Leurs modes d'administration, 
posologies et formes galeniques optimaux peuvent etre determines 
selon les criteres generalement pris en compte dans l'etablissement 
d*un traitement adapte a un patient comme par exemple Tage ou le 

25 poids corporel du patient, la gravite de son etat general, la tolerance 
au traitement et les effets secondaires constates, etc. Quand Tagent 
est un polypeptide, un antagoniste, un ligand, un polynucleotide, 
par exemple une composition anti-sens, un vecteur, on peut 
rintroduire dans des tissus ou des cellules botes par un certain 

30 nombre de fagons, incluant Tinfection virale, la micro-injection ou 
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la fusion de vesicules. On peut egalement utiliser 1'injection par jet 
pour une administration intramusculaire comme decrit par Furth 
et cd. (1992). On peut deposer le polynucleotide sur des 
microparticules d'or, et le delivrer par voie intradermique -a l'aide 
5 d*un dispositif de bombardement de particules, ou un « pistolet a 
gene » comme decrit dans la litterature (voir par exemple Tang et al 
(1992) ou les microprojectiles d'or sont revetues avec le 
polynucleotide de Invention, de preference le polynucleotide 
antisens de l'invention, puis bombardee dans les cellules de peau. 

10 compose selon l'invention est utilise pour la preparation 

d*un medicament destine a moduler, a augmenter ou a diminuer la 
proliferation cellulaire. 

L'invention porte egalement sur une composition 
pharmaceutique pour le traitement preventif et curatif du cancer 

1 5 caracterisee en ce qu'elle contient une quantite therapeutiquement 
efScace d'un compose selon Tinvention et un vehicule 
pharmaceutiquement acceptable. Selon un mode prefere de 
realisation, la composition pharmaceutique est caracterisee en ce 
qu'elle contient un anticorps selon Tinvention en tant qu'agent de 

20 ciblage conjugue a au moins un agent selectionne parmi le groupe 
des agents antiproliferatifs, antineoplastiques ou cytotoxiques. Ces 
agents sont des radioisotopes ou des entites non isotopiques. La 
conjugaison de lanticorps de la presente invention a un agent 
antiproliferatif, antineoplastique ou cytotoxique peut etre utilise 

25 pour arreter le developpement des cancers et pour induire une 
regression et/ou une elimination de la masse tumorale. De 
preference, l'anticorps ou le fragment d'anticorps ainsi conjugue est 
introduit dans le patient atteint de cancer et delivre aux sites 
tumoraux par voie orale ou parenterale dans un liquide 

30 transporteur pharmaceutiquement acceptable tel qu'une solution 
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de sel physiologique. Alternativement, une solution ou une 
suspension d'anticorps ou de fragment d'anticorps conjugue a un 
agent peut etre perfusee directement dans le tissu epithelial malin, 
cette methode etant utilisee de preference dans le cas ou. le cancer 
5 n'est pas metastase. 

Les radioisotopes preferes conjugues aux anticorps 
monoclonaux employes pour la therapie sont des radioisotopes 
emetteurs de rayons gamma et de preference 1'Iode 131 , lTttrium 90 , 
I'Or 1 **, le Palladium 100 , le Cuivre 67 , le Bismuth 217 et l'Antimoine 211 . 

10 Les radioisotopes emetteurs de rayons beta et alpha peuvent 
egalement etre utilises pour la therapie. Les entites non isotopiques 
conjuguees aux anticorps monoclonaux employes pour la therapie 
sont multiples et varies; on peut titer: (i) les antimetabolites telles 
les agents anti-folate, le methotrexate, (ii) les analogues des purines 

15 et des pyrimidines (mercaptopurine, fluorouracile, 5-azacytidine), 
(iii) les antibiotiques, (iv) les lectines (ricine, abrine) et (iv) les 
toxines bacteriennes (toxine diphterique). 

L'anticorps selon l'invention peut egalement etre utilise en 
tant qu'agent de ciblage pour cibler des cellules cytotoxiques telles 

20 les cellules T humaines, les monocytes ou les cellules NK sur le lieu 
de la tumeur metastasee ou non. Les cellules cytotoxiques peuvent 
etre attachees a r anticorps via le recepteur Fc situe a la surface de 
ces cellules ou via un anticorps intermediaire presentant une 
double specificite par exemple; de tels anticorps bispecifiques pour 

25 le ciblage des cellules cancereuses peuvent etre produits en 
fusionnant une cellule immunitaire produisant l'anticorps de la 
presente invention ou Thydridome de la presente invention avec 
une cellule produisant un anticorps dirige contre la cellule 
cytotoxique a cibler. Des anticorps bispecifiques peuvent egalement 

30 etre produits par couplage chimique de deux anticorps ayant la 
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specificite desiree. L'anticorps selon rinvention permet egalement 
de cibler des vehicules de delivrance d'agents antiproliferatifs, 
antineoplastiques ou cytotoxiques sur le lieu de la tumeur 
metastasee ou non. Par vehicules de delivrance on entend designer 
5 les liposomes et les particules virales. Dans certains cas, on pourra 
prevoir des elements de ciblage assurant une expression sperifique 
de certains tissus ou cellules de fagon a pouvoir limiter les zones 
d'expression des polypeptides selon rinvention. 

I/invention concerne egalement un produit comprenant au 
10 moins un compose selon rinvention et au moins un agent 
anticancereux comme produit de combinaison pour une utilisation 
simultanee, separee ou etalee dans le temps en therapie anti- 
cancereuse. 

Enfin, rinvention concerne une composition pour la 
1 5 detection, la localisation et Timagerie des cancers, comprenant un 
anticorps selon rinvention, tel que l'anticorps est marque 
directement ou indirectement avec un marqueur generateur de 
signal selectionne parmi les isotopes radioactifs et les entites non 
isotopiques tels que definis precedemment. Llnvention a egalement 
20 pour objet une methode de detection, de localisation et d'imagerie 
du cancer, comprenant (i) les etapes d'injection parenterale chez un 
etre humain d'une composition selon rinvention; (ii) raccumulation 
apres un temps suffisant au niveau des cellules cancereuses de 
Tanticorps marque puis penetration de l'anticorps marque a 
25 rinterieur desdites cellules, sans que ledit anticorps ne se lie de 
maniere substantielle aux cellules normales; et (iii) la detection du 
signal au moyen d'un detecteur de signal; et (iv) la conversion du 
signal detecte en une image des cellules cancereuses. 



WO 00/78949 



PCT/FROO/01747 



34 



D'autres caracteristiques et avantages de Invention 
apparaissent dans la suite de la description avec les exemples 
representes ci-apres. Dans ces exemples on se referera aux figures 
suivantes. 

5 

Figure 1 : Expression de la proteine ICBP90 dans les cellules 
HeLa (cellules tumorales) et dans les flbroblastes pulmonaires 
humains en culture primaire (cellules non tumorales). 

La detection de la proteine endogene ICBP90 a ete realisee 

10 sur des extraits totaux de proteines de cellules HeLa a confluence 
(piste 1) ou en proliferation (piste 2) et sur des extraits totaux de 
proteines de flbroblastes pulmonaires humains en culture primaire 
a confluence (piste 3) ou en proliferation (piste 4). Apres migration 
sur gel de polyacrylamide 8% en presence de SDS, les proteines 

15 sont transferees sur membrane de nitrocellulose par 
electrotransfert. La revelation est realisee a l'aide de l'anticorps 
1RC1C-10 dilue au 1/4000 (concentration initiale 2 mg/ml) et d'un 
anticorps secondaire couple a la phosphatase alcaline et dirige 
contre les chaines lourdes d'anticorps de souris. Dans les pistes 

20 correspondant aux extraits de cellules HeLa, on observe une bande 
majeure a 97 kDa ; pour les cellules HeLa en proliferation, des 
bandes supplementaires de tailles inferieures a 97 kDa 
apparaissent (piste 2). Dans les flbroblastes pulmonaires humains 
a confluence, la proteine endogene n'est pas exprimee (piste 3) et 

25 apparait lorsque les cellules se mettent a proliferer (piste 4). Ces 
observations suggerent que la proteine endogene ICBP90 est un 
marqueur de proliferation cellulaire pour des cellules normales 
(flbroblastes) tandis que pour les cellules tumorales elle serait un 
marqueur quelque soit le stade cellulaire. 
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Figure 2 : Immnnoprecipitation de la proteine endogene 

L'immunoprecipitation est realisee sur des extraits proteiques 
totaux de cellules MOLT-4. L'anticorps 1RC1C-10 est fixe sur des 
billes de proteine G sepharose, puis mis en contact avec les -extraits 
5 proteiques pendant 2 heures a temperature ambiante. Apres lavage 
les complexes billes/ IRClC-lO/proteine sont precipites par 
centrifugation et analyses par migration sur gel de polyacrymalide 
8% en presence de SDS, puis transfer! sur membrane de 
nitrocellulose et revelation comme indique dans la figure 1. On 
10 observe une bande unique de 97 kDa, ainsi qu'une bande de 45 
kDa qui correspond a la chaine iourde de 1RC1C-10. 



Figure 3 : Localisation nucleaire de la proteine endogene 

Nous avons utilise des cellules HeLa pour examiner 
15 l'expression endogene de la proteine ICBP90 in situ a 1'aide de 
Tanticorps 1RC1C-10 et d'un anticorps secondaire antisouris 
couple au fluorochrome CY3. Le marquage est localise 
exclusivement dans le noyau. Le nucleole et le cytoplasme ne sont 
pas marques. 

20 

Figure 4 : Expression de 11CBP59 endogene dans les cellules en 
proliferation 

Nous avons observe la proteine endogene sur des coupes en 
parafiine d'appendice humain. Apres deparaffinage et pretraitement 

2 5 par chauffage en tampon acide (demasquage des sites 
antigeniques), les coupes sont incubees pendant 16 heures avec 
Tanticorps 1RC1C-10 dilue au 1/10000 (concentration initiate de 2 
mg/ml). La revelation se fait par mise en contact avec un anticorps 
secondaire biotinyle, puis incubation avec le complexe 

30 streptavidine-peroxydase. Une contre coloration des noyaux a 
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rhematoxyline de Harris est egalement realisee. Le marquage par 
1RC1C-10 est localise essentiellement dans des zones de 
proliferation cellulaire. Les cellules marquees se trouvent dans les 
ciyptes glandulaires (CG) ainsi que dans les zones germinatives 
5 (ger). 

Figure 5 : Expression de ICBP-59 dans divers tissns humains 

Nous avons evalue le niveau d'expression de 1'ARNm 
correspondant a ICBP59 sur un dot blot d'ARN comportant 50 

10 tissus humains differents. Le blot a ete hybride pendant 16 heures 
a 68° C avec une sonde d'ADNc radioactive ( 32 P) de 679 pb dans 
une solution d'hybridation ExpressHyb (Clontech). Apres lavages, 
on realise une revelation par autoradiographic (exposition une 
semaine a 80°C). Les tissus presentant le plus haut niveau 

15 d'expression sont le thymus adulte et foetal, ainsi que la moelle 
osseuse adulte et le foie foetal. 

Figure 6 : Sequence nucleotidique de ICBP90 

L'ADNc codant pour ICBP90 comporte 2379 pb. Les portions 
20 de sequence indiquees en gras sont celles qui n'apparaissent pas 
dans les bases de donnees d'EST humains (human dbest). Les 
autres parties de la sequence existent dans diverses EST: 
de 1 a 325 : EST n° AI083773. 

de 367 a 865 : EST n° AA8 1 1055. 
25 de 940 a 1857 : EST n° AA488755, EST n° AA129794 et 

EST n° AA354253. 

Figure 7 : Sequence proteique de ICBP90 

La sequence en acides amines de ICBP90 est deduite par 
30 traduction de la sequence nucleotidique de la figure 6. ICBP90 
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comporte 793 residus et presente un poids moleculaire theorique de 
89,758 kDa. Le pKi est de 7,7. Les acides amines indiques en gras 
correspondent a ICBP-59. 

5 Figure 8 : Detection de TICBP90 dans les sera de patients ayant 
des marqueurs seriques eleves de tomenrs solides. 

Un volume de 2jxl de serum de chaque patient est dilue dans 
1 ml de tampon PBS (Phosphate Buffer Saline IX) contenant 0,1% 
de tween 20 suivi de dilutions croissantes realisees dans le meme 

10 tampon comme indique dans la figure. Un echantillon de 0,5 ml de 
chaque dilution est filtre sur la membrane de nitrocellulose a Taide 
d*un appareil « Slot Blot BioRad ». La membrane est bloquee en 
presence de tampon PBS (contenant 0,1% de tween 20 et 5% de 
lait) pendant 1 heure a temperature ambiante. La proteine ICBP90 

15 est revelee a Taide de Tanticorps 1RC-1C10 (Ing/ml) et de 
Tanticorps secondaire (anti-souris couple a la peroxydase dilue au 
1/5000). Les bandes sont revelees par chimiluminescence par 
exposition pendant 10 secondes d*un film X-MAT (Kodak). 

20 Figure 9 : Organisation structurale dn gene ICBP90. 

A . Des exons representes par des boites : les boites grises 
representent des exons codants ; des boites blanches representent 
des exons non-codants. La taille des exons est indiquee en pb dans 
chaque boite, et les noms des exons sont identiques au-dessus des 
25 boites. Les introns sont mentionnes de maniere schematique par 
des lignes fines et leur taille approximative est indiquee en pb. Un 
site putatif de demarrage de la transcription et un signal consensus 
de polyadenylation sont indiques. L'ATG est le codon de debut de 
traduction et TGA le codon d'arret de la traduction. 

30 



WO 00/78949 



PCT/FROO/01747 



38 



B. Sequence de la region 5* flanquante du gene ICBP90 (Seq 
ID N° 12) (Numero d'accession Genbank N° AF 220 226 deposee le 
30 decembre 1999). Les exons sont en majuscules et les introns en 
minuscules. Le codon de debut ATG est en majuscules gras, les 
5 boltes riches en GC (GC) et les boites CCAAT (CB) sont representees 
en minuscules gras. 

Figure 10 : Analyse du promoteur d'ICBP90 

Les sequences du promoteur d1CBP90 ont ete fusionnees a 
1 0 la sequence du gene « reporter * CAT dans le vecteur pBLCAT2 qui a 
ensuite ete transfecte dans les cellules COS-1. 

Une representation schematique de ces constructions est 
representee sur la gauche, avec le nombre se referent aux 
nucleotides en amont du codon dlnitiation. Les activites CAT 
15 relatives des extraits cellulaires correspondant a Tinduction de 
Tactivite du promoteur TK minimal sont exprimees en pourcentage 
(a partir de trois experiences de transfection independantes) et sont 
indiquees sur la droite. 

20 Figure 11 : Analyse par Northern Blotting et Western Blotting 
de rexpression d'ICBP90. 

A. LTiybridation Northern a ete effectuee sur une membrane 
de Northern Blotting dont les depots d'ARN proviennent de lignees 
cellulaires cancereuses de differents organes. Une sonde specifique 
25 dlCBP90, synthetisee par PCR, et marquee a la digoxigenine, a ete 
utilisee pour la detection des ARN m d1CBP90. Les tailles des ARN m 
sont mentionnees sur la droite de la ligne 7. 

Les lignes 1 a 7 contiennent des ARN provenant 
respectivement de la lignee leucemique promyelocytaire HL-60, de 
30 Hela 53, de cellules K562 de leucemie myelogene chronique, de 
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cellules de ieucemie lymphoplastique MOLT-4, de cellules Raji du 
lymphome de Burkitt, de cellules SW480 d'adenocarcinome 
colorectal, et de cellules A549 de carcinome pulmonaire. 

LTiistogramme montre les taux d'expression des ARN m 
5 correspondant aux bandes de 5,1 kb et de 4,3 kb exprimes en 
pourcentage du taux d'expression de l'ARN m de 5,1 kb des cellules 
HL-60 (ligne 1, figure 11A). 

B. Analyse en Western Blotting de 1'expression de 
1 0 ICBP90 dans les cellules MOLT-4 et Hela. 

Des lysats de cellules totales de cellules Hela et MOLT-4 en 
proliferation ont ete prepares. L'expression dlCBP90 a ete analysee 
en Western Blotting en utilisant Panticorps 1RC1C-10. 

1 5 EXEMPLE 1 : MISE EN EVIDENCE DUNE NOUVELLE PROTEINE 
DE LIAISON A LA SEQUENCE ICB 

1.1. Construction reportrice pour le criblage de la banque 

Le systeme du simple hybride est une technique puissante 
20 qui permet de detecter in vivo chez la levure Tinteraction de 
proteines avec des sequences d'ADN specifiques en criblant des 
banques d'ADNc. Ceci permet d'evaluer directement l'ADNc 
correspondant de la proteine a lier. Plusieurs etudes ont permis 
d'identifier la nouvelle proteine dans cette methode. Ces methodes 
25 decrivent tres bien les protocoles utilises (Inouye et al. y 1994 ; Wang 
et Reed, 1993). 

Brievement, les oligonucleotides suivants ont ete synthetases 
5'- AATT CGATTGGTTCT GATTGGTT et 5'- 

CTAGAAGAACCAATCAGAACCAATCAGAACCAATCG-3' . Ces 
30 nucleotides sont ensuites hybrides. Selon les instructions du 
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fabricant (Clontech, Palo Alto, CA), la construction reportrice cible 
possede trois copies en tandem de la sequence ICB2 (ICB2X3). 
Comme mentionne plus haut, une copie de ICB2 est soulignee et 
les sequences CCAAT sont representees en gras. Pour determiner la 
5 specificite de liaison des proteines a la boite ICB, les 
oligonucleotides suivants qui contiennent trois copies en tandem de 
la boite GC1 (GC1X3) et egalement presents dans le promoteur ont 
ete synthetases et hybrides: 

5*- AATTCGGGCKJGGGGCCGGCK3CGGGGCCGGGGCGGGGCT-3' 
10 5'- CTAGAGCCCCGCCCCGGCCCCGCCCCGGCCCCGCCCCGG-3 f 

Les fragments d'ADN cible resultant sont clones dans le 
polylinker d'un plasmide integratif pHISi-1 (Clontech) par ligation 
des extremites cohesives au niveau du site EcoRI et Xbal, en amont 
du promoteur minimal du gene hzs3. La souche de levure YM4271 
15 (Clontech) est utilisee pour la transformation et des colonies de 
levure ayant integrees le plasmide dans leur genome sont 
selectionnees sur un milieu synthetique Dropout ne contenant pas 
d'histidine. Deux clones ont ete isoles : un pour ICB2 et un pour la 
boite GC1. 

20 

1.2. Criblage de la banque 

Une banque d'ADNc de la lignee cellulaire Jurkat clonee au 
site d'EcoRI du polylinker en aval de GAL4-AD du vecteur pGADIO 
(Clontech) est utilisee pour le criblage selon les instructions du 

25 fabricant. Des clones positifs sont selectionnes puis cultives sur un 
milieu selectif deplete en histidine et en leucine. L'ADN plasmidique 
de ces clones est recupere et introduit par electroporation dans des 
bacteries Escherichia coli XL 1 -blue, Le sequengage des inserts a ete 
realise sur une matrice d'ADN plasmidique purifiee a partir d'une 

30 culture d'1,5 ml utilisant un kit de mini preparation (Bio-Rad, 
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Hercules, CA, USA). Une banque d'ADNc de thymus humain clone 
dans XgtlO (Clontech) a ete criblee par hybridation sur une plaque, 
pour recuperer un ADNc codant la partie N-terminale de la 
proteine. 

5 

1.3. Decouverte de ICBP-59 

Les ADNc de quatre clones ayant rempli les criteres de 
selection du systeme simple hybride ont fete sequences, et les profils 
analyses a l'aide de bases de donnees informatiques (Genbank, 

10 EMBL, PDB, Swissprot) afin de determiner la nature des proteines 
codees. Deux clones correspondent a des proteines ribosomales 
(hRS12 et hRS4), un a une serine-threonine kinase (STPLK-1) et le 
quatrieme a une proteine humaine d'un poids moleculaire 
theorique de 59 kDa (calcule a partir de la sequence traduite) et 

1 5 non repertoriee, 

Les ADNc, codant pour hRS4, hRS12 et ICBP-59 et obtenus 
par digestion par EcoRI des clones positifs obtenus dans le vecteur 
pGADIO, ont ete clones au site EcoRI du vecteur d'expression 
pGEX-4T-l (Pharmacia). Les ADN recombinants sont ensuite 

20 transformes dans une souche ^'Escherichia coli adaptee (BL21). 500 
ml de culture du clone selectionne ont ete utilises lorsque une 
densite optique de 0,5 a ete atteinte. La surexpression des 
proteines d'interet a ete induite par 1'IFTG (ImM) pendant 2h a 37° 
C. Le vecteur pGEX-4T-l conduit a Tobtention de grandes quantites 

25 de proteines sous forme fusionnee a la glutathion-S-transferase 
(GST). Les proteines de fusion avec la glutathione-S-transferase 
(GST) sont ensuite purifiees en utilisant des billes de sepharose 
couple au glutathion (Pharmacia) suivi par une coupure durant la 
nuit avec de la thrombine (0,05 U/ml) a 4° C (Pharmacia). 
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Pour tester l'aptitude de la proteine de poids moleculaire de 
59 kDa a lier specifiquement les boites ICB1 et/ou ICB2, trois 
copies en tandem de ICB2 (ICB2X3, sequences decrites 
precedemment) ont ete marquees au niveau terminal au phosphore 
5 32 P en utilisant la polynucleotide kinase T4 (New England Biolabs) 
et du [y^PJATP (160 mCi/mmol, ICN Irvine, CA, USA). Pour 
examiner la specificite de la liaison, des oligonucleotides contenant 
seulement une copie de la boite CCAAT ont ete synthetases : 
ICB1: 5-AGTCAGGGATTGGCTGGTCTG-3'; 
1 0 5'- CAGACCAGCCAATCCCTGACT-3 # 

ICB2: S'-AAGCTACGATTGGTTCTTCTG-S 1 ; 

S'-CAGAAGAACCAATCGTAGCTT-S'. 

La proteine ICBP-59 purifiee (1 \ig) est incubee avec 1 ng 
^oligonucleotide marque a son extremite terminale par du 

1 5 phosphore 32 P dans 12% de glycerol, 12 mM d'HEPES-NaOH (pH 
7,9), 60 mM KC1, 4 mM Tris-HCl (pH 7,9), 100 ng BSA, 0,6 mM DTT 
et 100 ng de poly(dI/dC) dans 20 nl (Inouye et aL, 1994). Apres 30 
minutes d'incubation a temperature ambiance, le mixte reactionnel 
est charge sur des gels de polyacrylamide a 6%. Dans les 

20 experiences de competition, la quantite indiquee d'oligonucleotides 
non marques est ajoutee au mixte reactionnel 10 min avant 
l'addition de proteines. Pour examiner les proprietes de liaison de 
TICBP90 a la boite ICB2, le meme protocole est utilise a la 
difference que Toligonucleotide marque contient seulement une 

25 copie de la sequence CCAAT telle que decrite ci-dessous: 

ICB2: 5 , -ATAAAGGCAAGCTACGATTGGTTCTTCTGGACGGAGAC-3 , 
5 , -GTCTCCGTCCAGAAGAACCAATCGTAGCT^GCCTTTTAT-3 , 
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La specificite de liaison est etudiee en utilisant un nucleotide 
non marque contenant une boite GC du promoteur du gene de la 
topoisomerase Ila humaine : 

S'-GAATTCGAGGGTAAAGGGGCGGGGTTGAGGCAGATGCCA^' 
5 5 , "TGGCATCTGCCTCAACCCCGCCCCITrACCCTCGAATTC-3\ 

Ces experiences de retard de migration sur gel d'aciylamide, 
nous ont permis de mettre en Evidence que la nouvelle proteine 
humaine de 59 kDa est capable de lier une sequence d'ADN de type 
ICB, et ce de maniere specifique. Nous avons appele cette proteine 
1 0 ICBP-59 (pour Inverted CCAAT Box Binding Protein of 59 kDa). 

EXBMPLE 2 : CARACTERISATION DE LA PROTEINE ICBP90 

2.1. Synthase danticorps 

15 Les anticorps monoclonaux de souris sont synthetases dans 

notre Laboratoire par injection de la proteine ICBP-59 par les 
methodes traditionnelles (Brou et aL, 1993) ; la proteine a ete au 
prealable purifiee par un systeme de fusion GST. Deux anticorps 
monoclonaux de 1RC1C-10 et 1RC1H-12 ont ete selectionnes pour 

20 leur performance a detecter la proteine endogene correspondant a 
la proteine ICBP-59 a la fois dans des experiences de Western 
blotting et dans des experiences d'immunocytochimie. Avant 
utilisation, les anticorps sont purifies sur colonne DEAE-cellulose 
(DE52, Whatmann) a partir des liquides d'ascites. 

25 

2.2. Mlse en evidence de la proteine endogene par Western 
Blotting 

Afin de detecter la proteine endogene correspondant a ICBP- 
59, nous avons dans un premier temps utilise 1RC1C-10 en 
30 Western blot (0,4 \xg/ml d'anticorps monoclonal 1RC1C-10) sur des 
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extraits nucleaires de cellules HeLa en situation de proliferation et 
de confluence (Figure 1). Les cellules COS-1 et HeLa sont cultivees 
tel que decrit precedemment (Brou et cd., 1993 ; Gaub et al., 1998; 
Rochette-Egly et a/., 1997). Les cellules MOLT-4 sont cultiyees dans 
5 de Fair a 100% dans du RPMI supplements par 10% de serum de 
veau fetal. Les fibroblastes pulmonaires humains en culture 
primaire sont prepares et cultives dans du DMEM/F12 tel que 
decrit precedemment (Kassel et al. t 1998). Des extraits nucleaires 
de cellules Jurkat ont ete achetes chez Sigma alors que ceux de 

1 0 MOLT-4 et HL60 ont ete prepares tel que decrit auparavant (Lavie 
et cd., 1999). Les cellules HeLa en phase de croissance et les 
fibroblastes pulmonaires humains sont obtenus par depletion de la 
culture en serum pendant 30 h suivi par la reintroduction pendant 
16 heures par 10% de serum de veau fetal (v/v). La proliferation est 

1 5 arretee lorsque la confluence atteint 60 a 70%. Les cellules arretees 
a confluence (confluence de 100%) sont obtenues de maniere 
concomitante en omettant l'etape de depletion en serum. Pour ces 
deux types cellulaires, des lysats cellulaires bruts sont prepares en 
recoltant les cellules dans du PBS (phosphate buffer saline) suivi 

20 d'une etape de sonication. Pour les experiences d'immunotransfert 
des lysats de cellules totales et des extraits nucleaires sont charges 
sur des gels de polyacrylamide SDS a 8% pour realiser une 
electrophorese en une dimension. Les proteines sont transferees 
sur des membranes de nitrocellulose bloquees avec un reactif de 

25 blocage 10% (Roche Molecular Biochemicals, Mannheim, Germany) 
et incubees avec Tanticorps monoclonal purifie (1RC1C-10) a la 
concentration de 0,5 |ig/ml. Un anticorps anti-souris de mouton 
couple a la phosphatase alcaline (fragments Fab, Roche Molecular 
Biochemicals) est utilise a une dilution de 1/2 500. Des signaux 
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sont detectes en utilisant le chlorure de 4-nitro blue tetrazolium/5- 
bromo-4-chloro-3-indolyl-phosphate comme substrat 

Ces experiences montrent que la proteine endogene presente 
un poids moleculaire apparent d'environ 97 kDa. En outre, on 
5 observe que les formes de la proteine varie en fonction de la nature 
tumorale ou non-tumorale des cellules ainsi que de l'etat de 
confluence ou de proliferation des cellules. En effet, dans les pistes 
correspondant aux extraits de cellules HeLa, on observe une bande 
majeure a 97 kDa ; pour les cellules heLa en proliferation, des 

10 bandes supplementaires de tailles inferieures a 97 kDa 
apparaissent (piste 2). Dans les fibroblastes pulmonaires humains 
a confluence, la proteine endogene n'est pas exprimee (piste 3) et 
apparait lorsque les cellules se mettent a proliferer (piste 4). Ces 
observations suggerent que la proteine endogene ICBP90 est un 

15 marqueur de proliferation cellulaire pour des cellules normales 
(fibroblastes) tandis que pour les cellules tumorales elle serait un 
marqueur quelque soit le stade cellulaire. 

L'utilisation de l'anticorps monoclonal dans des experiences 
d'immunoprecipitation sur des extraits de proteines nucleaires, 

20 suivies d'un Western blot, conduit de la meme maniere a la mise en 
evidence d'une proteine de 97 kDa (Figure 2). 

Les resultats obtenus en Western blot, aussi bien pour les 
extraits de proteines nucleaires que pour les immunoprecipitations, 
montrent que la proteine de 59 kDa isolee a Taide du systeme 

25 simple hybride ne constitue qu'un fragment de la proteine endogene 
humaine correspondante, en roccurrence le fragment C-terminal a 
partir du residu D263. II nous a done fallu entreprendre un 
nouveau criblage de banque d'ADNc. 
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2.3. Analyse en Dot Blot d'ARN de multiples tissus hnmains 

Afin de choisir une banque nous dormant le plus de chance 
possible d'isoler la proteine complete, nous avons voulu identifier 
un tissu humain exprimant TARN messager (ARNm) correspondant 
5 en quantite importante. A Taide d'une sonde d'ADNc recouvrant 
une partie de la sequence de ICBP59 et marquee au 32 P, nous avons 
teste 1' expression de TARNm d'interet dans 50 tissus humains 
differents sur un dot blot d'ARN. Brievement, une sonde longue de 
678 paires de bases correspondant a la sequence en acides amines 

10 269 a 500 de ICBP90 a ete synthetisee par PCR en utilisant de la 
Taq polymerase (Sigma, St Louis, MO, USA). La sonde marquee par 
random priming en utilisant du dCTP-a 32 P est purifiee sur 
colonnes Sephadex G50 (Pharmacia, Uppsala, Suede). 

Un dot blot d'ARN de multiples oiganes contenant de TARN 

1 5 poly(A)* de 50 tissus humains differents est hybride 20 heures dans 
des conditions de forte stringence dans un milieu ExpressHyb 
(Clontech) a 68° C avec une sonde marquee au M P. Des lavages a 
haute stringence sont realises dans du 0,1 x SSC, 0,1% SDS a 68° 
C (De Vries et al., 1996). 

20 Les reultats obtenus (figure 5) montrent que les tissus 

exprimant le plus fortement TARNm de la proteine ICBP-59 sont le 
thymus adulte et foetal, ainsi que la moelle osseuse adulte et le foie 
foetal. Pour isoler la proteine entiere, notre choix s'est done porte 
sur une banque d'ADNc de thymus adulte. 

25 

2.4. Criblage de la banque et clonage de ICBP90 

Le criblage de la banque nous a permis d'obtenir plusieurs 
clones d'environ 4000 paires de bases (pb) comportant un cadre de 
lecture ouvert de 2379 pb (Fig.6). Cette sequence code pour une 
30 proteine de 793 acides amines (Fig.7) dont le poids moleculaire 
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theorique (calcule a partir de la sequence traduite) est de 89,758 
kDa. Nous avons appele cette proteine ICBP90 (pour Inverted 
CCAAT Box Binding Protein of 90 kDa) par analogie avec 
1' appellation utilisee pour la proteine initiale de 59 kDa, 
5 L'ADNc ICBP90 (2379 bp) a ete synthetise par PCR en 

utilisant l'ADN polymerase Deep Vent (New England Biolabs, 
Beverly, MA, USA) et les oligonucleotides utilises au cours de cette 
reaction de PCR etaient voisins du site de EcoRI. Le produit de 
reaction a ete par la suite sousclone dans un vecteur pGEX-4T-l 
10 (Pharmacia) pour l'expression de la proteine de fusion GST dans 
BL2L La surexpression est induite par IPTG (ImM) pendant 4h a 
25° C. La proteine ICBP90 est ensuite purifiee. 

2.5. Immunocytochinxie et imxnunohistochimie. 

1 5 ^observation directe de la proteine ICBP90 sur des cellules et 

tissus a ete egalement mise en ceuvre. 

Des cellules COS-1 ont ete transfectees comme decrit 
precedemment (Brou et at, 1993 ; Gaub et cd., 1998) avec le vecteur 
pSG5 (Stratagene, La Jolla, CA) dans lequel 1'ADNc de ICBP90 

20 (2379 bp) a ete sous-clone dans le site de restriction EcoRI. L'ADNc 
est synthetise par reaction de polymerisation en chaine (PCR) 
utilisant la polymerase Deep Vent (New England Biolabs) et des 
oligonucleotides flanquants le site de restriction EcoRI. La 
construction plasmidique est verifiee par sequengage. 

25 L'immunomarquage des cellules HeLa et des cellules COS-1 
transfectees est realise tel que decrit precedemment (Brou et aZ., 
1993) avec respectivement les anticorps monoclonaux 1RC1C-10 et 
1RC1H-12. Un marquage indirect a rimmunoperoxidase de ICBP90 
et de topoisomerase Ila est realise comme decrit precedemment (Rio 

30 et at, 1987, Devys et aL, 1993). Les appendices humains ont ete 
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inclus dans la paraffine et fixes dans du formalin 10% tampone 
(Sigma). Des coupes seriees (3 nm) sont incubees durant la nuit a 
temperature ambiante avec l'anticorps 1RC1C-10 et avec l'anticorps 
anti-topoisomerase Ila (NeoMarkers, Union City, CA, USA). Des 
5 anticorps lies de maniere specifique sont visualises par un 
complexe utilisant la streptavidine biotine (LAB/LSAB method, 
Dako LSAB2 System kit ; DAKO, Carpinteria, CA, USA). 

En immunocytochimie, l'anticorps 1RC1C-10 marque le noyau 
des cellules HeLa tandis que le nucleole et 1'ensemble du 

10 cytoplasme ne sont pas marques (Figure 3). En 
immunohistochimie, des coupes en paraffine d'appendice humain 
montrent un marquage localise essentiellement dans des zones de 
proliferation cellulaire (Figure 4). En efifet, les cellules marquees 
sont logees dans les ciyptes glandulaires (CG) ainsi que dans les 

15 zones germinatives (Ger). Un marquage identique est obtenu 
lorsqu'on utilise un anticorps anti-topoisomerase Ha qui est une 
enzyme uniquement exprimee dans des cellules en proliferation 
(resultats non illustres). 

20 2.6. Recherches BLAST et prediction de domaines 

Les etudes sur BLAST en ligne ont ete realisees a partir des 
informations du National Center for Biotechnology Information au 
National Institute of Health (Bethesda, MD, USA). SCANPROSITE et 
PROFILESCAN sont utilises pour l'analyse proteique (Infobiogen, 

25 Villejuif, France). 

ICBP90 comporte un domaine « ubiquitin-like » dans ses 80 
premiers acides amines, deux sites de localisation nucleaires 
potentiels dans la partie C-terminale et deux domaines en doigt de 
zinc (« zinc-finger »), dont Tun serait implique dans la liaison a 

30 FADN et Tautre dans des interactions proteine-proteine. Plusieurs 
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sites potentiels de phosphorylation par la proteine kinase C, la 
caseine kinase II ainsi que par une tyrosine kinase sont egalement 
presents. 

La production et la purification de ICBP90 a l'aide du jaysteme 
5 de fusion GST (meme precede que celui utilise pour ICBP-59) nous 
a finalement permis de tester la capacite de la proteine complete a 
lier les sequences d'ADN de type ICB. Son comportement est en 
tous points identique a celui observe pour ICBP-59. 

En definitive, nous avons isole une nouvelle proteine 

1 0 humaine que nous avons appelee ICBP90 pour les raisons evoquees 
ci-dessus. Son poids moleculaire theorique est de 89,758 kDa et 
son poids moleculaire apparent sur gel d'aciylamide est de 97 kDa. 
Cette proteine est non seulement localisee exclusivement dans le 
noyau des cellules humaines, mais elle presente egalement la 

15 capacite a lier des sequences d'ADN de maniere specifique, en 
l'occurrence des sequences de type CCAAT. Pour ces raisons, nous 
pensons que ICBP90 a la possibility de moduler Fexpression des 
genes dont le promoteur est pourvu de boites CCAAT, 
eventuellement en position inversee (ICB). Le gene de la 

20 topoisomerase Ila humaine qui nous interesse plus 
particulierement, et qui comporte cinq sequences ICB dans son 
promoteur, nous semble etre une des cibles privilegiees de ICBP90. 

Ces experiences ont permis de mettre en evidence les 
caracteristiques remarquables de Panticorps 1RC1C-10 qui ne 

25 marque uniquement que les cellules en proliferation dans le cas de 
cellules non cancereuses ; il marque les cellules cancereuses en 
proliferation ou en quiescence ; il est utilisable dans 4 techniques 
differentes (Western blotting, immunocytochimie, 
immunohistologie, immunoprecipitation) ; il possede une tres 

30 bonne affinite et permet d'utiliser une dilution de 1/150 000 en 
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immunohistochimie (i.e. 13 ng/ml) ; enfin, son utilisation ne genere 
quasiment pas de bruit de fond. 

Les applications futures de 1RC1C-10 se situent en premier 
lieu dans les domaines du diagnostique et de la recherche 
5 fondamentale. Pour le diagnostique en anatomo-pathologie par 
exemple, il serait tout a fait possible de rendre compte de l'etat 
proliferatif d'un tissus cancereux donne. Concernant la recherche 
fondamentale, des investigations sont en cours dans notre 
laboratoire afin de determiner la contribution exacte de ICBP90 

10 dans les mecanismes de proliferation des cellules normales et des 
cellules cancereuses. Or, pour l'etude de l'expression de ICBP90 en 
fonction du cycle cellulaire, de sa localisation nucleaire precise et 
de son interaction avec d'autres proteines cellulaires, l'utilisation de 
l'anticorps sera incontournable. 

15 Pour Tinstant nous n'avons pas etudie l'expression de 

TICBP90 en fonction du cycle cellulaire. Neanmoins, dans le cas ou 
des lignees de cellules cancereuses sont confluentes ou lorsqu'elles 
sont en proliferation nous ne pouvons detecter de differences 
significatives de l'expression de TICBP90 (Fig. 1) du moins en ce qui 

20 concerne la forme a 97 kDa. Par contre, dans des cellules 
confluentes non cancereuses (cellules musculaires lisses 
bronchiques humaines) l'expression de l f ICBP90 est difficilement 
detectable (resultats non illustres). Ceci est confirme sur les coupes 
histologiques ou aucune cellule en quiescence n'est marquee par 

25 l'anticorps. II est par consequent possible que riCBP90 soit 
exprimee quelle que soit la phase du cycle cellulaire dans des 
cellules cancereuses alors que son expression varierait en fonction 
de chaque phase dans des cellules non cancereuses. Ceci rend 
done l'utilisation de l'anticorps extremement interessante, en ce 

30 sens que nous aurions a disposition un marqueur de la 
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proliferation cellulaire de tissus cancereux qui ne dependrait pas de 
la phase du cycle cellulaire contrairement a d'autres marqueurs de 
proliferation cellulaire tels que le Ki-67, la topoisomerase Ila, la 
cycline E et la cycline Bl. En effet, la fin de la phase S est 
5 caracterisee par une tres faible expression de Ki-67, la cycline E 
marque les cellules en fin de phase Gl jusqu'au milieu de la phase 
S et la cycline Bl marque les cellules en phase G2/M (pour revue 
Darzynkiewicz et aL, 1994). Par ailleurs, il a ete montre que PCNA 
(Proliferating Cell Nuclear Antigen) surestime le nombre de cellules 

10 en proliferation dans certains types de tissus (Roskell and 
Biddolph, 1999). 

ICBP90 joue un role important dans la proliferation cellulaire 
en regulant l'expression de genes tels que celui de la topoisomerase 
Ila. Differentes strategies visant a bloquer Taction de cette proteine 

15 doivent permettre de modifier la proliferation cellulaire. Ainsi, 
l*utilisation de 1'anticorps 1RC1C-10 ainsi que l*utilisation de 
peptides mimant 1'interaction ADN/ICBP90 sans pour autant 
engendrer d'effet physiologique subsequent constitue une 
possibilite interessante. Le design de ses peptides s'inspirerait 

20 directement de la sequence proteique de ICBP90 que nous avons 
decrite. Une forme tronquee corrspondant a ICBP59 pourrait par 
exemple etre un des premiers candidats. 

Le blocage pur et simple de l'expression de ICBP90 dans le 
but d'eliminer completement son influence sur les genes et par 

25 extension sur la proliferation cellulaire peut etre envisage ; il peut 
se faire soit par une approche classique en obtenant des inhibiteurs 
de la proteine, soit en utilisant une approche plus moderne 
correspondant a la technique d'interference par TARN double brin 
(RNA interference ou RNAi) telle que decrit recemment par 

30 KennerdeU 8s Carthew ( 1998) . 
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EXBMPLE 3: ISOLEMBNT ET CARACTERISATION DU GENE 
ICBP90 

5 3.1. Materiels et methodes 

3.1.1. Construction et criblage d'nne banque 
genomique placentaire humaine 

Apres digestion partielle avec Tenzyme Mbol, TADN 

1 0 genomique placentaire a ete fractionne en fonction de la taille sur 
un gradient de 10 a 40% de sucrose. Des fragments d'ADN de 
15 kb ont ete ligues dans un vecteur XGEM12 prealablement digere 
par BamHI (Promega, Madison WI, USA). Apres empaquetage, les 
particules de phages X ont ete titrees sur des cellules TAP 90. La 

15 banque genomique contient 3.10 6 unites formant des plaques 
(plaques forming units, pfu). 10 6 clones ont ete etales pour 
Fanalyse. Une sonde de 620 pb correspondant a une extremite 5' 
terminale de TADNc de ICBP90 utilisee pour le criblage a ete 
marquee au a 32 P-dCTP par une methode d'amorgage aleatoire 

20 (random priming) (Sambrook et aL, 1989). La sonde marquee est 
utilisee selon un protocole classique dTiybridation sur plaque pour 
cribler la banque genomique (Sambrook et al. f 1989). LTiybridation 
a ete realisee a 68°C dans du 5X SSC (15 mM NaCl, 1,5 mM citrate 
de sodium pH 7,0), 5 X de solution Denhardt, 100 jig / ml d'ADN de 

25 sperme de saumon et 0,1% de SDS, suivi par 30 minutes de 
lavages dans du 2X SSC, 0,1% SDS a temperature ambiante. 

Deux e tapes de criblage ont ete realisees pour purifier un 
clone positif. Le clone positif a ensuite ete digere avec Tenzyme NotI 
et deux fragments de 6 et de 10 kb ont ete sous-clones dans le 
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vecteur pBluescript-SK+ (Stratagene, La Jolla CA, USA) selon un 
protocole standard (Sambrook et a/., 1989). 

3.1.2. Criblage de la banque d'ADNc de thymus humain 

5 

Une banque XGTIO d'extremite 5' d'ADNc de thymus humain 
(Clontech, Palo Alto, CA, USA) a ete criblee par hybridation sur 
plaque en utilisant la sonde d'ADNc de 679 pb synthetisee telle que 
dans le paragraphe relatif a Tanalyse par Northern Blotting. Des 
10 signaux ont ete detectes en utilisant du chlorure de 4-nitro-bleu- 
tetrazolium et de 5-bromo-4-chloro-3-indolyl-phosphate comme 
substrat. 

3.1.3. Reaction de polymerisation en chaine (PCR) sur 
1 5 PADN genomique placentaire 

L'ADN genomique placentaire a ete prepare selon une 
methode conventionnelle (Sambrook et a/., 1989). Pour la region 5' 
du gene ICBP90, les inventeurs ont utilise le kit PCR Advantage®- 

20 GC genomic de Clontech qui est adapte aux regions riches en GC 
de PADN genomique. Pour couvrir les regions 3 -flanquantes, la Taq 
polymerase (Sigma, St Louis, MO, USA) et son tampon 
correspondant ont ete utilises. Les reactions ont ete realisees selon 
les instructions du fabricant en utilisant 250 ng d'ADN genomique 

25 placentaire comme matrice dans un volume final de 50nL Afin 
d'obtenir Pamplification des introns de longueur 19 kb et 8,7 kb le 
systeme PCR Expand™ 20kbP lus (Roche Diagnostics, Mannheim, 
Germany) a ete utilise. 
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La reaction a ete realisee dans lOO^il en utilisant 125 ng 
d'ADN genomique placentaire par reaction. 

3.1.4. Constructions plasmidiques et essais CAT 

5 

Une serie de differents fragments ont ete obtenus par PCR 
dans la region 5' flanquante du gene ICBP90 en utilisant des 
amorces de 20 nucleotides afin d'obtenir les constructions decrites 
dans la figure 10. Celles-ci contiennent un site de restriction 

10 BamHI et l'ADN genomique placentaire humain a ete utilise comme 
amorce, Les produits PCR ont ete digeres et sous-classes en amont 
du gene reporter chloramphenicol acetyl transferase (CAT) dYm 
vecteur contenant le promoteur minimal de la thymidine kinase 
(pBlCAT2). Les constructions plasmidiques ont ete verifiees par 

15 sequengage. Des cellules COS-1 ont ete cultivees dans un milieu 
Dulbecco modifie par Eagle (DMEM) supplements avec 5% de 
serum de veau fetal. Apres l'etalement, les cellules ont ete 
transferees avec les differentes constructions plasmidiques (5 *ig) en 
utilisant la technique de co-precipitation au phosphate de calcium 

20 (Banerji et al. t 1981)). Les analyses d'expression de la CAT ont 
ensuite ete realisees comme decrit ailleurs (Goetz et cd. (1996)). 

3.1.5. Localisation chromosomique du gene ICBP90 

25 Des chromosomes metaphysiques ont ete prepares a partir de 

leucocytes humains du sang peripherique selon les protocoles 
standards (Haddad et aL (1988)). Brievement, une sonde de 10 kb 
correspondant a un fragment 5* terminal du clone de 16 kb isole a 
partir du criblage de la banque d'ADN genomique placentaire, a ete 

30 marquee avec de la biotine-16-dUTP (Roche Diagnostics) par « nick- 
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translation ». La sonde est ensuite precipitee avec un exces (SOX) 
d'ADN humain Cot-1 (Life Technologies, Rockville MD), resuspendu 
dans 50% de formamide, IX SSC, pre-hybride pendant 2 heures a 
37°C puis hybride sur la nuit a 37°C. La detection est reaiisee en 
5 utilisant de Tavidine-FITC (Vector Laboratories, Burlingam CA). Les 
chromosomes ont ete contre-colores avec du 4 -6-diamino-2- 
phenylindole (Sigma). 

3.1.6. Analyse de Northern blotting et de Western 
10 Blotting 

Une membrane de Northern Blotting contenant 2 jig d'ARN 
polyA* par ligne, provenant de 7 lignees cellulaires humaines 
cancereuses differentes (Clontech) a ete prehybridee dans du 

15 Express Hyb (Clontech) puis hybridee avec la sonde specifique de 
ICBP90 dans du Express Hyb a 68°C pendant deux heures. La 
sonde double-brin marquee a la digoxigenine a ete preparee par 
amplification PCR d*un fragment de 676 pb a partir de TADNc 
d1CBP90 (nucleotides 806 a 1 485 ; Numero d'Accession Genbank 

20 AF 129 507) selon les instructions du fabricant (Roche 
Diagnostics). 

Apres purification au travers d*une colonne de 
chromatographic Micro Bio-Spin 30 (Bio-Rad, Hercules, CA), la 
sonde specifique ICBP90 (5 ng/ml) a ete chauffee a 95°C pendant 

25 15 minutes puis refroidie dans la glace avant Taddition de la 
solution dliybridation. Les lavages apres lTiybridation ont ete 
realises deux fois dans du 2X SSC, 0,1% SDS (30 minutes par 
lavage a temperature ambiante), puis deux fois dans du 0,1X SSC, 
0,1% SDS (30 min. par lavage a 68°C). La membrane a ete traitee 

30 avec la solution A (0,1 M acide malique, 0,15 M de NaCl a pH 7,5) 
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puis bloquee par incubation avec 1% d'agent bloquant (Roche 
Diagnostics) dans le tampon A pendant 30 minutes a temperature 
ambiante. 

Un anticorps conjugue a la phosphatase-alcaline* dirige 
5 contre la digoxigenine (fragment Fab, Roche Diagnostics) a ete 
ajoute (150 mU/ml) puis incube pendant 30 minutes a temperature 
ambiante. La membrane a ensuite ete lavee deux fois avec la 
solution A puis equilibree dans du 0,1 M tris-HCl, 0,1 M NaCl, pH 
9,5. Pour la detection par chemiluminescence, les inventeurs ont 

10 utilise Tagent Disodium 3-(4-methoxyspiro{l,2 dioetane-3,2 -(5 - 
chloro) tricyclo [3.3-1. I 3 * 7 ] decan }-4-yl) phenyl phosphate® (Roche 
Diagnostics) selon les instructions du fabricant. Les bandes d'ARNm 
ont ete quantifiees en utilisant le logiciel NIH image 1.62 et 
exprimees en pourcentage de la bande d'ARN m la plus abondante 

1 5 (c'est-a-dire la bande de 5,1 kb des cellules HL-60). 

L'analyse en Western Blotting a ete realisee comme decrit 
ailleurs (Hopfner et aL (2000)). Les signaux ont ete detectes en 
utilisant le chlorure de 4-nitro-blue tetrazolium / le phosphate de 
5-bromo-4chloro-3 -indolyl comme substrat. 

20 

3.1.7. Outils de recherche d'alignement local de base, 

predictions de sites de demarrage de la 
transcription et de signal polyA 



25 Des recherches d'alignement local de base ont ete realisees 

via le Centre National dlnformation en Biotechnologie au National 
Institute of Health (Bethesda, MD, USA). Le criblage d*une banque 
de facteurs de transcription avec le programme d'ordinateur Mat 
Inspector, les predictions de sites de demarrage de la transcription 

30 (TSS) avec Neural Network, ainsi que la prediction de signal polyA, 
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ont ete realises via le Baylor College of Medicine (Reese et al 
(1996)). 

3.2. Resultat 

5 

3.2.1. Isolement et caracterisation du gene de PICBP90 

Une banque d'ADN complementaire de placenta humain 
clone dans le phage lambda GEM 12 a ete criblee a Taide d*une 

1 0 sonde d'ADN. Le criblage a conduit a la purification d*un seul clone 
positif ayant un insert de 16 kb. L'analyse de la sequence a permis 
de determiner qu'il contenait une sequence intronique longue de 10 
kb et contenant 3 exons (appele B, C et D dans la figure 9A). Tous 
les autres criblages, incluant notamment ceux qui ont ete realises 

1 5 par PCR sur des banques de BAC (Bacterial Artificial Chromosome) 
ou de YAC (Yeast Artificial Chromosome), n'ont pas permis dlsoler 
d'autres clones positifs. Par consequent, nous avons decide de 
determiner le reste de Poi-ganisation du gene par PCR directement 
sur de l'ADN genomique de placenta humain. La plus grande 

20 difficulte fut d'obtenir le cote 5* de Tintron de 19 kb. Ainsi, des 
amorces ont ete choisies dans Texon A (amorce sens) et dans le cote 
5* du clone de 16 kb (amorce anti-sens), L'exon E et Tintron de 8,7 
kb ont ete amplifies en utilisant une amorce sens dans Texon D et 
Tamorce anti-sens dans Texon F. Finalement, la sequence complete 

25 de Pexon F jusqu'au signal de poly-adenylation a ete determinee en 
utilisant une amorce sens choisie dans le debut de Texon F et 
Tamorce anti-sens dans le cote 3* d*une EST (reference dans 
GenBank n° AW297533) homologue a la sequence du gene de 
11CBP90. La sequence complete du gene de HCBP90 montre qull 

30 est compose de 6 exons codants dont la taille varie de 100 paires de 
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bases a 3453 paires de bases. La plupart des jonctions 
exons/intxons repondent aux sequences consensus pour les sites 
accepteurs et donneurs d'epissage. Une sequence consensus de 
poly-adenylation (AATAAA) a ete trouvee dans la region 3', x'est-a- 
5 dire 1 152 nucleotides apres le codon stop dans la figure 9A. 

3.2.2 La region 5' du gene de PICBP90 

Le criblage d*une banque dWDN complementaire de thymus 

10 humain clone dans le phage lambda gtlO a conduit a Tobtention de 
deux populations de cDNA qui se distinguent l*une de Tautre dans 
leur region 5', exactement 10 paires de bases en amont du codon 
d'initiation, c'est-a-dire dans la region 5* non traduite. Ces deux 
populations de cDNA predisent Pexistence de deux exons alternatifs 

15 en 5* appeles exon I et exon II (Figure 9A). Nous avons observe que 
les exons I et n sont relies a un site d'epissage alternatif interne de 
Texon A. De plus, nous avons trouve dans une base de donnees un 
EST (reference dans GenBank n° AI084125) correspondant aux 
nucleotides 1290 a 1356 (Figure 9B). Les positions de ces deux 

20 exons et de 1T5ST a Tinterieur du locus ont ete determinees par 
PCR. Pour cela nous avons utilise des amorces correspondant aux 
18 premiers nucleotides de chaque exon et une amorce anti-sens 
choisie dans le premier exon traduit (exon A). Cette strategic nous a 
permis de reconstruire la region 5' telle quelle est representee dans 

25 les figures 9A et 9B, avec Texon I correspondant aux nucleotides 1 
a 134 et Texon II correspondant aux nucleotides 676 a 725. La 
sequence EST (AI084125) est contigue au site d'epissage interne de 
Texon A. Nous n'avons pas encore determine avec precision le debut 
des exons I, II et A puisque leurs sequences ont ete deduites a 

30 partir de criblages de banques de cDNA (Figure 9A). 
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Quatre boltes GC (GC1 a GC4) ont ete trouvees dans la region 
5' (Figure 9B). Ces boltes represented des sites potentiels de 
liaison pour le facteur de transcription Spl, mais seulement une 
boite (GC3) correspond a une sequence consensus, cfest-a-dire 
5 GGGGCGGGG. De plus deux boltes CCAAT (CB1 et CB2) ont ete 
trouvees. Des analyses predictives de sequences suggerent que 
deux regions promotrices existent dans la region 5', c'est-a-dire 
avant le codon d'initiation (ATG). Deux sites potentiels dlnitiation 
de la transcription ont ete predits aux positions 571 et 827. Le 

10 premier suit la sequence consensus de liaison a Spl et le second 
suit la boite GC1 (respectivement entre les exons I & II, et les exons 
II & A). Afin de voir si ces deux regions sont fonctionnelles en tant 
que region promotrice, plusieurs constructions plasmidiques 
contenant un gene rapporteur (gene de la Chloramphenicol Acetyl 

15 Transferase; CAT) en aval des differentes regions promotrices 
potentielles ont ete preparees. Des cellules COS ont ete transferees 
avec ces constructions plasmidiques. La figure 10 montre les 
resultats obtenus et qui correspondent au pourcentage 
d'augmentation de Tactivite basale. L'activite maximale a ete 

20 obtenue avec la construction plasmidique contenant 1 1 14 paires de 
bases en amont du site d'initiation de la traduction, avec une 
augmentation de 236,7% de Tactivite promotrice basale (promoteur 
minimal du gene de la thymidine kinase). La construction 
plasmidique contenant 642 paires de bases en amont de l'ATG a 

25 conduit a une augmentation de 115,6% alors que la construction 
plasmidique contenant uniquement la sequence entre Pexon I et 
Texon II montrait une activite relativement faible avec une 
augmentation uniquement de 22,8% (figure 10). Ces resultats 
suggerent Texistence d*une region promotrice entre les exons n et A. 

30 
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3.2.3. Localisation chromosomique dn gene ICBP90 

La localisation chromosomique du gene ICBP90 a ete realisee 
par hybridation in situ de fluorescence (FISH). Le gene ICBP90 est 
5 localise sur le chromosome 19pl3.3 dans une region telomerique. 
Une recherche realisee dans Genbank a montre qu*une region de 
6Mb dans la bande chromosomique 19 p 13.3 d*une banque de 
cosmide specifique du chromosome 19 (hybride homme / hamster 
5HL2-B) contient 147 nucleotides codant pour les acides amines 
10 746 a 793 de ICBP90. Cette sequence a ete localisee entre les 
marqueurs STS (sequence tagged site) D19S883 et D 19S325. 

3.2.4 Expression de ICBP90 dans differ entes lignees 
cellulaires 

15 

ICBP90 participe a la regulation de l'expression du gene 
TopHct (Hopfner et aL (2000)). Comme TopIIa est exprimee de 
maniere differentielle dans differentes tumeurs et lignees 
cellulaires, ICBP90 lui-meme est susceptible d'avoir une regulation 

20 complexe en terme d'activite et d'expression genique. 

Dans une premiere etape vers la comprehension des 
mecanismes regulant l'expression du gene ICBP90, l'ARN m 
dlCBP90 a ete analyse dans differentes lignees cellulaires. L'ARN m 
dlCBP90 a ete 6tudie dans la lignee cellulaire HL60 derivee d*une 

25 leucemie promyelocytaire (ligne 1), de cellule Hela S3 (ligne 2), de 
cellules de leucemie lymphoblastique MOLT-4, de cellules Raji du 
lymphome de Burkitt (ligne 5), d'adenocarcinome colorectal SW 480 
(ligne 6), de cellules A549 de carcinome du poumon (ligne 7) (figure 
11A). 
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Deux bandes d'ARNm de 4,3 et 5,1 kb sont observees. Les 
quantites relatives d'ARNm dans les bandes varient selon le type 
cellulaire. LTiistogramme de la figure 1 1A montre les taux d'ARNm 
dans les bandes de chacune des lignees cellulaires, exprime en 
5 pourcentage de la quantite maximale observee de bandes d'ARNm de 
5,1 kb dans les cellules HL-60 (ligne 1, figure 11A). Dans les 
cellules MOLT-4, seule la bande d'ARN m de 4,3 kb est observee, 
alors que dans les cellules de leucemies promyelocytaires la bande 
a 5,1 kb est predominante. Dans les cellules Raji du lymphome de 

10 Burkitt, seule la bande a 5,1 kb est detectee. Approximativement, 
des quantites egales des deux types d'ARNm sont observees dans les 
autres lignees cellulaires, c'est-a-dire les cellules Hela, K562, A549, 
SW 480. Pour les cellules HL-60, neanmoins, l'ARN m de 5,1 kb est 
plus fortement exprime que l'ARNm de 4,3 kb. D'autres analyses ont 

15 ete entreprises sur les cellules Hela pour confirmer que les 2 
transcrits proviennent de la transcription du gene ICBP90. Une 
sonde d'ADNc de 626 pb marquee a la digoxigenine localisee 
immediatement en amont du signal poly A (c'est-a-dire l'exon F) et 
utilisee comme sonde pour des experiences de Northern Blotting, a 

20 produit les memes resultats, c'est-a-dire l'apparition de deux 
bandes d'ARNm de 4,3 kb et de 5,1 kb. Ce resultat confirme que les 
deux formes d'ARNm sont generees a partir d*un seul gene. 

Les inventeurs ont egalement etudie l'expression de la 
proteine ICBP90 afin de determiner si ces deux isoformes d'ARNm 

25 sont susceptibles de coder pour deux proteines differentes. 

La figure 1 IB montre le profil d'expression de ICBP90 dans 
des extraits proteiques de cellules MOLT-4 et Hela. Alors qu*une 
seule bande de 97 kDa est observee dans les cellules MOLT-4, dans 
les cellules Hela, a cote de la bande de 97 kDa qui est doublee, 

30 plusieurs autres bandes d*un poids moleculaire inferieur sont 
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obsenrees. Ces resultats suggerent que, dans les cellules MOLT-4, 
un ARNm code pour une forme unique d1CBP90. A Pinverse, dans 
les cellules Hela, les deux ARN m sont susceptibles de conduire a la 
production de differents isoformes dlCBP90. 

5 

3.3 Commentaires 

Le gene ICBP90 s'etend sur environ 35,8 kb. Six exons 
traduits et deux exons non traduits, et de fait sept introns, ont ete 

1 0 identifies par les inventeurs. Les deux domaines en doigt de zinc de 
ICBP90 sont codes par le meme exon (exon F), contrairement au 
gene du recepteur aux oestrogenes humains dans lequel chacun 
des doigts-de-zinc putatifs du domaine de liaison a l'ADN du 
recepteur sont codes separement (Ponglikitmongkol et ol (1988))* 

1 5 Le domaine « ubiquitin-like » de ICBP90 est code par les exons A et 
B alors que le domaine « leucine zipper » est code par Pexon B. De 
maniere interessante, I'exon F seul est susceptible de coder pour 
une proteine fonctionnelle car elle code pour deux signaux de 
localisation nucleaire, les domaines zinc-finger et plusieurs sites 

20 putatifs de phosphorylation. Deux grands introns de 8,7 kb et de 
19 kb ont ete trouves. 

Le gene ICPB 90 a ete localise dans la region chromosomique 
19pl3.3. Plusieurs autres genes ont ete localises dans cette region, 
par exemple le Nuclear Factor I/C (egalement un facteur de 

25 transcription liant CCAAT, (Qian et aZ. (1995)). De maniere 
interessante, une translocation atypique t (7 ; 19) dans la leucemie 
myelomonocytaire aigue, impliquant un site fragile au locus 
19pl3.3 a ete decrite (Sherer et a/. (1991)). Egalement, il a ete 
suggere que les genes impliques dans le developpement des 

30 carcinomes pancreatiques sont localises en 19pl3.3 et 19ql3.1- 
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13.2 (Hoglund et al. (1998)). Des rearrangements des bandes 
14q32.3 et 19pl3.3 d*une deletion preferentielle du bras court du 
chromosome 1 constituent des alterations chromosomiques non 
aleatoires dans le myelome multiple et la leucemie des cellules du 
5 plasma (Taniwaki et al (1996)). D'autres genes ont ete localises 
dans cette region ; ils incluent un gene implique dans 
radenocarcinome du syndrome Peutz-Jeghers (Gruba et aL (1998)). 
Egalement, il a ete suggere que le gene suppresseur de tumeur 
putatif pour Tadenome malin est localise en D19S216 au niveau de 

10 la bande chromosomique 19pl3.3 qui joue un role important dans 
la tumorigenese de Padenome malin (Lee et aL (1998)). 

L'analyse de la sequence de la region 5* du gene ICBP90 a 
revele Texistence de plusieurs exons non-traduits avec une region 
promotrice entre les exons II et A et probablement un second 

15 promoteur plus faible localise entre les exons I et II. La region 
promotrice entre les exons n et A est un promoteur sans sequence 
TATA, suggerant que le gene ICBP90 peut etre un gene de menage, 
au moins lorsque ce promoteur est implique. En ce sens, il 
ressemble fortement aux regions promotrices des genes ATFa 

20 (Goetz et aL, 1996), CRE-BP1 / ATF 2 (Nagase et al., 1990) et 
TopIIa, (Hochhauser et aL, 1992), qui ne contiennent pas de boites 
TATA canoniques mais plusieurs sites de liaison de SP-1. 

Les boites GC et/ou CCAAT sont susceptibles d'etre 
impliquees dans la regulation de Pexpression du gene ICBP90 via 

25 les facteurs de transcription SP-1 et les proteines de liaison a 
CCAAT. De plus, etant donne que la proteine ICBP90 est une 
proteine de liaison a CCAAT, ICBP90 est egalement susceptible de 
reguler sa propre expression. 

Une banque de donnees de facteurs de transcription a ete 

30 criblee a Taide du programme d'ordinateur Mat Inspector du Baylor 
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College of Medicine, et de nombreux sites de liaison de facteurs de 
transcription ont ete identifies dans la sequence precedant le codon 
ATG (figure 9B). Parmi ces sites de liaison aux facteurs de 
transcription, il est interessant de noter des sites de liaison du 
5 facteur de transcription AP-2 regule au cours du developpement et 
qui controle l'expression de gene tel DR-nm 23 (Martinez et aL 
(1997)), les sites de liaison de la proteine myeloide « zinc-finger » 
MZF 1 qui est impliquee dans la regulation de lliematopoiese 
(Hromas et aL (1996)). 

10 L'analyse de Northern Blotting a demontre qu'il existe deux 

populations d*ARN m de 4,3 kb et de 5, 1 kb. De maniere 
interessante, chaque population presente une specificite cellulaire. 
Par exemple, les cellules lymphoblastiques MOLT-4 expriment 
seulement l'ARNm de 4,3 kb, alors que dans les cellules Raji du 

15 lymphome de Burkitt (lymphocytes B matures), seul le transcrit de 
5,1 kb est observe. Les cellules HL-60 expriment davantage d'ARNm 
de 5,1 kb que d'ARNm de 4,3 kb. Les cellules HL-60 et les cellules 
Raji du lymphome de Burkitt sont davantage differenciees que les 
cellules MOLT-4 suggerant que les taux d'expression du transcrit 

20 de 5,1 kb par rapport a celui de 4,3 kb peut etre directement 
correle avec Tetat de differenciation des cellules. 

De maniere interessante, une etiquette de sequence exprimee 
(EST, Expressed Sequence Tag) correspondant a la sequence 5* de 
Texon A a ete identifiee a partir d'oligodendrogliome anaplastique 

25 (numero d'accession Genbank N° AI 084 125) alors qu*une EST 
correspondant a Tinclusion de Texon II a ete isolee a partir d*un 
melange de tumeurs de cellules germinates (numero d'accession 
Genbank N° AI 968 662). Les resultats des inventeurs suggerent 
done que la regulation des transcrits ICBP90 est comparable avec 

30 ce qui se passe pour le recepteur aux oestrogenes. En fait, six 
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FILE 'DGENE' ENTERED AT 15:42:16 ON 01 NOV 2002 
RUN GETSEQ 



LI RUN STATEMENT CREATED 
RUN GETSEQ 



L2 RUN STATEMENT CREATED 

L3 32775 S L2 AND (TUMOR# OR TUMOUR# OR ENDOTHELI? OR ANTIBOD? OR 
CANCER 

L4 26402 S L2 AND (TUMOR# OR TUMOUR# OR ENDOTHELI? OR CANCER? OR 
MALIGNA 

L5 630 S L2 AND ENDOTHELI? 

L6 541 S L5 AND (TUMOR# OR TUMOUR# OR CANCER? OR MALIGNAN?) 

L7 331 S L6 AND (DETECT? OR DIAGNOS? OR IMAG? OR TARGET? OR DIRECT 

L8 22 S L7 AND SQL<100 

L9 86 S L7 AND SQL<200 

L10 64 S L9 NOT L8 

FILE 1 DGENE 1 ENTERED AT 16:35:36 ON 01 NOV 2002 

Lll .330 S L7 NOT ABB84886/AN 

L12 69 S L7 NOT (EIGHTY (W) SEVEN) /TI 

L13 177 S L2 AND PY<2000 

L14 59 S L13 AND PY<1999 

L15 118 S L13 NOT L14 

L16 12 S L15 AND SQL<51 
RUN GETSEQ 



L17 RUN STATEMENT CREATED 

L18 27981 S L17 AND (TUMOR# OR TUMOUR# OR ENDOTHELI? OR CANCER? OR 

MALIGN 

L19 664 S L17 AND ENDOTHELI? 

L20 565 S L19 AND (TUMOR# OR TUMOURft OR CANCER? OR MALIGNAN?) 

L21 2 S L20 AND PY<2001 

L22 5673 S L17 AND SQL<51 

L23 9 S L22 AND PY<1999 

L24 32 S L22 AND PY<2001 

L25 27 S L24 NOT L13 

RUN GETSEQ 



Search History Transcript 



http://westbrs:8002/bin/gate.exe?f=shist&state=dj 13qu.45. 1 



WEST Search History 



DATE: Friday, November 01, 2002 



Set Name Query 
side by side 

DB=JPAB,EPAB,DWPI; PLUR=NO; OP=ADJ 
L3 0 L29 and @pd<200003 1 6 
L27 not us[pc] 
L27and@pd<20000316 

L26 and (cancerSl or malignan$4 or tumorSl or tumour$l or 
neoplas$3) 

L25 and (endothelial adj cell$) 
L23 and (target$3 or deliver$3 or bind$3) 
L23 and target$3 or deliver$3 or bind$3 
peptide$ 1 or oligopeptides 1 or polypeptides 1 
DB=USPT; PLUR=NO; OP=ADJ 
L22 LI 8 andll[ti,ab] 
116andl2[ti,ab] 
111 and 116 
L18 or 117 

L16 and @prad<20000316 
L16and@ad<20000316 

LI 5 with (cancerSl or malignan$4 or tumorSl or tumourSl or 
neoplas$3) 

L2 with (peptides 1 or oligopeptides 1 or polypeptides 1) 
LI 3 and@ad<20000316 

L2 with (cancerSl or malignan$4 or tumorSl or tumourSl or 
neoplas$3) 

Lll and 15 

19 with 110 

(amino adj acidSl) with hydrophobic 
(amino adj acidSl) with (basic or positive$2) 
L7 or 16 

L5 and @prad<20000316 
L5 and@ad<20000316 

L3 with (cancerSl or malignan$4 or tumorSl or tumourSl or 
neoplas$3) 

L3 and@ad<20000316 



Hit Count Set Name 
result set 



L29 
L28 

L27 

L26 
L25 
L24 
L23 



L21 
L20 
L19 
L18 
L17 

L16 

L15 
L14 

L13 

L12 

Lll 

L10 

L9 

L8 

L7 

L6 

L5 

L4 



67 
164 
130 



393 
21251 
648888 
71795 

0 
0 
2 

48 
4 

48 



273 
359 



3 

1064 
6142 
11618 
93 
14 
93 

96 

643 



L30 
L29 
L28 



262 L27 



L26 
L25 
L24 
L23 

L22 
L21 
L20 
L19 
L18 
L17 



50 L16 



L15 
L14 



378 L13 



L12 
Lll 
L10 
L9 
L8 
L7 
L6 

L5 

L4 



Search History Transcript 



http://westbrs:8002/bin/gate.exe?f=shist&state=dj 13qu.45. 1 



l^j i^z wiui ^pepuuea>i or ongopepuuesi or polypeptides i or proteins i ) o/h j^j 

L2 LI with (target$3 or deliver$3 or bind$3) 2407 L2 

L 1 endothelial adj cell$ 1 1 0752 L 1 

END OF SEARCH HISTORY 



2 of 2 



11/1/02 6:55 PM 



LI 6 ANSWER 9 OF 12 DGENE (C) 2 002 THOMSON DERWENT 
ACCESSION NUMBER: ABB07076 Peptide DGENE 

TITLE: Protein having extensive virus infection inhibition 

activity, 

gene and strains thereof - 
INVENTOR: Kim Y S; Park S C; Oh S G; Cho J W; Chung C H 

PATENT ASSIGNEE: ( KOKU-N) KOREA KUMHO PETROCHEMICAL CO LTD. 
PATENT INFO: KR 99055909 A 19990715 8p 

APPLICATION INFO: KR 1997-75882 19971229 
PRIORITY INFO: KR 1997-75882 19971229 
DOCUMENT TYPE: Patent 
LANGUAGE: Korean 
OTHER SOURCE: 2000-496266 [44] 

AN ABB07076 Peptide DGENE 

AA 0 A; 0 R; 0 N; 0 D; 0 B; 1 C; 1 Q; 0 E; 0 Z; 3 G; 0 H; 4 I; 
2 

L; 3 K; 4 M; 0 F; 0 P; 0 S; 3 T; 3 W; 0 Y; 4 V; 0 Others 
SQL 28 
SEQ 

1 mkkvlgggtw vwwcmimlii mittvvkq 
HITS AT: 2-4 



/0 2-C*-) 

/6 3<>) 1 



L16 ANSWER 11 OF 12 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



ABB07048 Peptide DGENE 

Antivirus protein of amaranthin 1 and amaranthin 2 from 
Amaranthus viridis and DNA coding the same - 
Kim Y S; Park S C; Oh S G; Lee H S; Cho J W; Chung C H 
(KOKU-N) KOREA KUMHO PETROCHEMICAL CO LTD. 



AN 
AA 
3 

SQL 
SEQ 



ABB07048 
2 A; 0 



KR 99055910 A 19990715 

KR 1997-75883 19971229 
KR 1997-75883 19971229 
Patent 
Korean 

2000-496267 [44] 
Peptide DGENE 
R; 2 N; 0 D; 0 B; 



lOp 



L; 
28 



K; 2 M; 0 F; 0 P; 1 



C; 1 Q; 0 E; 0 Z; 0 G; 0 H; 4 I; 
4 T; 1 W; 1 Y; 3 V; 0 Others 



1 mkmkkitnlv yilvaittsv ilqwtcna 



HITS AT: 



4-6 



10 l~ ( ^ 
I 6 3 60 



LI 6 ANSWER 10 OF 
ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



12 DGENE (C) 2002 THOMSON DERWENT 
ABB0704 9 Peptide DGENE 

Antivirus protein of amaranthin 1 and amaranthin 2 from 
Amaranthus viridis and DNA coding the same - 
Kim Y S; Park S C; Oh S G; Lee H S; Cho J W; Chung C H 
(KOKU-N) KOREA KUMHO PETROCHEMICAL CO LTD. 



AN 
AA 
2 

SQL 
SEQ 



ABB07049 
2 A; 0 



KR 99055910 A 19990715 

KR 1997-75883 19971229 
KR 1997-75883 19971229 
Patent 
Korean 

2000-496267 [44] 
Peptide DGENE 
R; 2 N; 0 D; 0 B; 



L; 
28 



K; 2 M; 1 F; 0 P; 1 



lOp 



C; 1 Q; 0 E; 0 Z; 0 G; 0 H; 4 
4 T; 1 W; 1 Y; 3 V; 0 Others 



1 mkmkkitnlv yilvaittsv ifqwtcna 



HITS AT: 4-6 



L16 ANSWER 12 OF 12 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 

INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AAU78259 Peptide DGENE 

Fab region gene of mouse agglutination monoclonal antibody 
against human blood cell and base sequence thereof - 
Lim S Y; Cho S H; Lee Y I; Bong Y S 

TECHNOLOGY. 



(KOAD) KOREA ADV INST SCI & 
KR 99048543 A 19990705 

KR 1997-67281 19971210 
KR 1997-67281 19971210 
Patent 



9p 



AN 
AA 
0 

SQL 
SEQ 



Korean 

2000-449017 [39] 

AAU78259 Peptide DGENE 

0 A; 1 R; 2 N; 0 D; 0 B; 



L; 
16 



K; 0 M; 1 F; 0 P; 1 



C; 0 Q; 0 E; 0 Z; 2 G; 0 H; 1 I; 
2 T; 0 W; 3 Y; 0 V; 0 Others 



1 yiscyngtty nrkfkg 



HITS AT: 



12-14 



/ t? 3 ^ 



L14 ANSWER 44 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



ABB05960 Protein DGENE 

Recombinant microorganism expressing granulocyte colony 
stimulating factor and process for preparing the recombinant 
protein therefrom - 

Sohn Y D; Lee E G; Kim S H; Park D H 
(MOKA-N ) MOKAM LIFE SCI RES CENT. 



AN 
AA 

SQL 
SEQ 



ABB05960 
21 A; 5 
34 L; 4 
182 



KR 98077885 A 19981116 

KR 1997-15210 19970423 
KR 1997-15210 19970423 
Patent 
Korean 

2000-035728 [03] 
Protein DGENE 
R; 0 N; 4 D; 0 B; 5 
K; 3 M; 6 F; 13 P; 14 



16p 



C; 
S; 



18 
8 



Q; 
T; 



10 
3 



E; 
W; 



Z; 
Y; 



14 



G; 
V; 



H; 4 
Others 



I; 



1 alwtvqeatp lgpasslpqs fllkcleqvr kiqgdgaalq eklcatyklc 



51 hpeelvllgh slgipwapls scpsqalqla gclsqlhsgl flyqgllqal 
101 egispelgpt Idtlqldvad fattiwqqme elgmapalqp tqgampafas 
151 afqrraggvl vashlqsfle vsyrvlrhla qp 

HITS AT: 30-32; 177-179 



/O 2~ 



Cb) 



/ 



L14 ANSWER 42 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: AAU77773 Peptide DGENE 



TITLE: 
INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AN 
AA 
3 

SQL 
SEQ 



AAU77773 Peptide 
0 A; 0 R; 2 N; 1 



Process for preparing novel calcitonin 
Choi C Y; Choi Y H 
(GREC) KOREA GREEN CROSS CORP. 
KR 98047664 A 19980915 
KR 1996-66177 19961216 
KR 1996-66177 19961216 
Patent 
Korean 

1999-477713 [40] 
DGENE 
D; 0 B; 2 



L; 2 
32 



K; 1 M; 1 F; 2 P; 2 



C; 2 Q; 0 
7 T; 0 W; 



1 cgnlstcmlg tytqdfhklq typktntgsg tp 
HITS AT: 17-19 



14p 



E; 0 Z; 4 G; 1 H; 0 
2 Y; 0 V; 0 Others 



I; 



L14 ANSWER 42 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: AAU77773 Peptide DGENE 
TITLE: Process for preparing novel calcitonin - 

Choi C Y; Choi Y H 
( GREC) KOREA GREEN CROSS CORP. 
KR 98047664 A 19980915 
KR 1996-66177 19961216 
KR 1996-66177 19961216 
Patent 
Korean 

1999-477713 [40] 
Peptide DGENE 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



14p 



AN 
AA 
3 

SQL 
SEQ 



AAU77773 
0 A; 0 



R; 2 N; 1 D; 0 B; 2 C; 2 Q; 0 E; 0 Z; 4 G; 1 H; 0 I; 



L; 

32 



K; 1 M; 1 F; 2 P; 2 S; 7 T; 0 W; 2 Y; 0 V; 0 Others 



1 cgnlstcmlg tytqdfhklq typktntgsg tp 



HITS AT: 17-19 



L14 ANSWER 45 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: ABB05959 Peptide DGENE 

TITLE: New mutant strains of rif ampin-tolerant Mycobacterium leprae 

and its nucleotide sequence - 
INVENTOR: Suh J W; Chae G T; Kim S 0 

PATENT ASSIGNEE: (SUHJ-I)SUH J W. 

(CHAE-I) CHAE G T. 

PATENT INFO: KR 98068824 A 19981026 lOp 

APPLICATION INFO: KR 1997-5613 19970224 
PRIORITY INFO: KR 1997-5613 19970224 
DOCUMENT TYPE: Patent 
LANGUAGE: Korean 
OTHER SOURCE: 1999-607936 [52] 

AN ABB05959 Peptide DGENE 

AA 2 A; 4 R; 2 N; 1 D; 0 B; 0 C; 2 Q; 1 E; 0 Z; 5 G; 1 H; 0 I; 
7 

L; 1 K; 1 M; 1 F; 2 P; 4 S; 1 T; 0 W; 0 Y; 0 V; 0 Others 
SQL 35 
SEQ 

1 lsqfmdqnnp lsglthkrrl salgpgglsr eragl 
HITS AT: 18-20 



10 £ 



1— 



L14 ANSWER 30 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: AAU77273 peptide DGENE 

TITLE: Type IV collagenase activity inhibiting synthetic peptide 

derived from tissue inhibitor of metalloproteinase-2 

(TIMP-2) 

- No Abstract 

INVENTOR: Kim M Y; Kim S G; Lee J P; Koh J P; Lee D S; Lee J Y; Lee 

S 

PATENT ASSIGNEE: (HANI-N ) HANIL SYNTHETIC FIBER CO LTD. 

PATENT INFO: KR 98073833 A 19981105 20p 

APPLICATION INFO: KR 1997-9387 19970319 

PRIORITY INFO: KR 1997-9387 19970319 

DOCUMENT TYPE: Patent 

LANGUAGE: Korean 

OTHER SOURCE: 2000-010130 [01] 

AN AAU77273 peptide DGENE 

AA 1 A; 1 R; 1 N; 1 D; 0 B; 1 C; 2 Q; 0 E; 0 Z; 1 G; 1 H; 0 ] 
2 

L; 2 K; 1 M; 0 F; 0 P; 2 S; 3 T; 0 W; 1 Y; 0 V; 0 Others 
SQL 20 
SEQ 

1 dtlsttqkks lnhryqmgca 
HITS AT: 13-15 




L14 ANSWER 29 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: AAU77275 peptide DGENE 

TITLE: Type IV collagenase activity inhibiting synthetic peptide 

derived from tissue inhibitor of metalloproteinase-2 

(TIMP-2) 

- No Abstract 

INVENTOR: Kim M Y; Kim S G; Lee J P; Koh J P; Lee D S; Lee J Y; Lee 

S 

PATENT ASSIGNEE: (HANI-N) HANIL SYNTHETIC FIBER CO LTD. 

PATENT INFO: KR 98073833 A 19981105 20p 

APPLICATION INFO: KR 1997-9387 19970319 

PRIORITY INFO: KR 1997-9387 19970319 

DOCUMENT TYPE: Patent 

LANGUAGE: Korean 

OTHER SOURCE: 2000-010130 [01] 

AN AAU77275 peptide DGENE 

AA 3 A; 1 R; 2 N; 1 D; 0 B; 2 C; 4 Q; 1 E; 0 Z; 1 G; 3 H; 0 3 
2 

L; 2 K; 1 M; 1 F; 1 P; 2 S; 3 T; 0 W; 1 Y; 1 V; 0 Others 
SQL 32 
SEQ 

1 vhpqqafcne hadtlsttqk kslnhryqmg ca 



HITS AT: 25-27 



L14 ANSWER 28 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: AAU77280 peptide DGENE 

TITLE: Type IV collagenase activity inhibiting synthetic peptide 

derived from tissue inhibitor of metalloproteinase-2 

(TIMP-2) 

- No Abstract 

INVENTOR: Kim M Y; Kim S G; Lee J P; Koh J P; Lee D S; Lee J Y; Lee 

S 

PATENT ASSIGNEE: (HANI-N) HANIL SYNTHETIC FIBER CO LTD. 

PATENT INFO: KR 98073833 A 19981105 20p 

APPLICATION INFO: KR 1997-9387 19970319 

PRIORITY INFO: KR 1997-9387 19970319 

DOCUMENT TYPE: Patent 

LANGUAGE: Korean 

OTHER SOURCE: 2000-010130 [01] 

AN AAU77280 peptide DGENE 

AA 1 A; 1 R; 1 N; 0 D; 0 B; 1 C; 1 Q; 0 E; 0 Z; 1 G; 1 H; 0 I 
1 

L; 0 K; 1 M; 0 F; 0 P; 0 S; 0 T; 0 W; 1 Y; 0 V; 0 Others 
SQL 10 
SEQ 

1 lnhryqmgca 



HITS AT: 3-5 



L14 ANSWER 27 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: AAU77281 peptide DGENE 

TITLE: Type IV collagenase activity inhibiting synthetic peptide 

derived from tissue inhibitor of metalloproteinase-2 

(TIMP-2) 

- No Abstract 

INVENTOR: Kim M Y; Kim S G; Lee J P; Koh J P; Lee D S; Lee J Y; Lee H 

S 

PATENT ASSIGNEE: (HANI-N) HANIL SYNTHETIC FIBER CO LTD. 

PATENT INFO: KR 98073833 A 19981105 20p 

APPLICATION INFO: KR 1997-9387 19970319 

PRIORITY INFO: KR 1997-9387 19970319 

DOCUMENT TYPE: Patent 

LANGUAGE: Korean 

OTHER SOURCE: 2000-010130 [01] 

AN AAU77281 peptide DGENE 

AA 1 A; 1 R; 1 N; 0 D; 0 B; 2 C; 1 Q; 0 E; 0 Z; 1 G; 1 H; 0 I; 
1 

L; 1 K; 1 M; 0 F; 0 P; 0 S; 0 T; 0 W; 1 Y; 0 V; 0 Others 
SQL 12 
SEQ 

1 kclnhryqmg ca 



HITS AT: 5-7 



L14 ANSWER 14 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: ABB08914 peptide DGENE 

TITLE: Use of beta-sheet forming amino acid leader sequence for the 

production of proteins - 
INVENTOR: Shin H; Jang S; Kim D; Kang S 

PATENT ASSIGNEE: (HANI-N) HANIL SYNTHETIC FIBER CO LTD. 
PATENT INFO: KR 133475 Bl 19980421 14p 

APPLICATION INFO: KR 1994-7018 19940404 
PRIORITY INFO: KR 1994-7018 19940404 
DOCUMENT TYPE: Patent 
LANGUAGE: Korean 
OTHER SOURCE: 1999-617508 [53] 

AN ABB08914 peptide DGENE 

AA 0 A; 1 R; 2 N; 0 D; 0 B; 2 C; 2 Q; 1 E; 0 Z; 4 G; 1 H; 0 I; 
5 

L; 2 K; 0 M; 0 F; 2 P; 4 S; 5 T; 0 W; 1 Y; 1 V; 0 Others 
SQL 33 
SEQ 

1 csnlstcvlg klsqelhklq typrtntgsg tpg 
HITS AT: 17-19 



LI 4 ANSWER 3 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 

INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



ABB97 97 9 Peptide DGENE 

Genetic engineering synthesis method of horseshoe crab 
extract as anti-fungus polypeptide - 
Zhang C; Fan Y 

(BIOL-N) BIOLOGICAL TECHNOLOGY RES CENT 
CN 1182135 A 19980520 



AN 
AA 
0 

SQL 
SEQ 



ABB97979 
0 A; 6 



CN 1996-120608 19961107 
CN 1996-120608 19961107 
Patent 
Chinese 

2002-395145 [43] 
Peptide DGENE 
R; 0 N; 0 D; 0 B; 



CHINESE. 
2 Op 



C; 0 Q; 0 E; 0 Z; 1 G; 0 H; 0 



L; 
18 



1 K; 0 M; 2 F; 0 P; 0 S; 0 T; 1 W; 2 Y; 1 V; 0 Others 



1 rrwcfrvcyr gfcyrkcr 



HITS AT: 



1-3 



L14 ANSWER 2 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



ABB97980 Peptide DGENE 

Genetic engineering synthesis method of horseshoe crab 
extract as anti-fungus polypeptide - 
Zhang C; Fan Y 

(BIOL-N) BIOLOGICAL TECHNOLOGY RES CENT CHINESE. 



AN 
AA 
0 

SQL 
SEQ 



ABB97980 
0 A; 5 



CN 1182135 A 19980520 

CN 1996-120608 19961107 
CN 1996-120608 19961107 
Patent 
Chinese 

2002-395145 [43]- 
Peptide DGENE 
R; 0 N; 0 D; 0 B; 



2 Op 



C; 0 Q; 0 E; 0 Z; 1 G; 0 H; 0 



L; 
18 



K; 0 M; 2 F; 0 P; 0 S; 0 T; 1 W; 2 Y; 1 V; 0 Others 



1 rrwcfrvcyk gfcyrkcr 



HITS AT: 1-3 



4 



L14 ANSWER 51 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: AAM49057 protein DGENE 

TITLE: Preparing calcitonin gene related peptide (CGRP) for 

reducing 

blood pressure, comprises chemical synthesization - 
INVENTOR: Zheng Z; Yan W; Sun L 

PATENT ASSIGNEE: (UYFU-N)UNIV FUDAN. 

PATENT INFO: CN 1175586 A 19980311 6p 

APPLICATION INFO: CN 1997-106570 19970819 

PRIORITY INFO: CN 1997-106570 19970819 

DOCUMENT TYPE: Patent 

LANGUAGE: Chinese 

OTHER SOURCE: 2002-075830 [11] 

AN AAM49057 protein DGENE 

AA 4 A; 2 R; 3 N; 0 D; 0 B; 2 C; 0 Q; 0 E; 0 Z; 4 G; 1 H; 0 I; 

3 

L; 2 K; 1 M; 2 F; 1 P; 4 S; 4 T; 0 W; 0 Y; 4 V; 0 Others 
SQL 37 
SEQ 

1 acntatcvth rlagllsrsg gmvksnfvpt nvgskaf 
HITS AT: 10-12 



/0 i C*-) 7 



L14 ANSWER 52 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 

TITLE: 

reducing 

INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AAM49056 protein DGENE 
Preparing calcitonin gene related peptide 



blood pressure, comprises 
Zheng Z; Yan W; Sun L 
(UYFU-N)UNIV FUDAN. 
CN 1175586 A 19980311 

CN 1997-106570 19970819 
CN 1997-106570 19970819 
Patent 



CGRP) for 
chemical synthesization - 

6p 



AN 
AA 
3 

SQL 
SEQ 



AAM49056 
4 A; 2 



Chinese 
2002-075830 
protein 
R; 3 N; 1 D; 



L; 

37 



K; 0 M; 2 F; 1 P; 



[11] 
DGENE 
0 B; 

3 



S; 



C; 
4 



T; 



Q; 0 E; 0 
0 W; 0 Y; 



Z; 4 
5 V; 



G; 1 H 



0 Other 



1 acdtatcvth rlagllsrsg gvvknnfvpt nvgskaf 



HITS AT: 10-12 



L12 ANSWER 11 OF 69 
ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 



DGENE (C) 2002 THOMSON DERWENT 
ABB81649 Protein DGENE 

Novel apoptosis inducing molecule II polypeptide useful for 
treating lymphadenopathy, autoimmune disease, graft versus 
host disease and to inhibit neoplasia such as tumor 
cell growth 

Ebner R; Yu G; Rubea S M; Ullrich S 
(HUMA-N) HUMAN GENOME SCI INC. 



US 
US 
US 
US 
US 



2002064869 Al 20020530 



79p 



DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AN 
AA 

SQL 
SEQ 



ABB81649 
20 A; 27 
58 L; 20 
455 



1998-27287 19980220 
1996-13923P 19960322 

1996- 30157P 19961031 

1997- 822953 19970321 
Patent 

English 

2002-556723 [59] 
Protein DGENE 
R; 17 N; 21 D; 0 B; 30 
K; 5 M; 14 F; 37 P; 36 



C; 
S; 



15 
31 



Q; 
T; 



30 E; 
5 W; 



0 Z; 
13 Y; 



30 G; 
23 V; 



1 mglstvpdll lplvllellv giypsgvigl vphlgdrekr dsvcpqgkyi 
51 hpqnnsicct kchkgtylyn dcpgpgqdtd crecesgsft asenhlrhcl 
101 scskcrkemg qveissctvd rdtvcgcrkn qyrhywsenl fqcfncslcl 



151 ngtvhlscqe 

201 nvkgtedsgt 

251 stpekegele 

301 pgdcpnfaap 

351 ldtddpatly 



kqntvctcha gfflrenecv scsnckksle ctklclpqie 

tvllplviff glcllsllfi glmyryqrwk sklysivcgk 

gtttkplapn psfsptpgft ptlgfspvps stftssstyt 

rrevappyqg adpilatala sdpipnplqk wedsahkpqs 

avvenvpplr wkefvrrlgl sdheidrlel qngrclreaq 



401 ysmlatwrrr tprreatlel lgrvlrdmdl lgcledieea lcgpaalppa 
451 psllr 
HITS AT: 133-135; 376-378 



10 H; 13 
0 Others 



I; 




L12 ANSWER 10 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 



ABB81652 Protein DGENE 

Novel apoptosis inducing molecule II polypeptide useful for 
treating lymphadenopathy, autoimmune disease, graft versus 
host disease and to inhibit neoplasia such as tumor 
cell growth 

Ebner R; Yu G; Ruben S M; Ullrich S 
(HUMA-N) HUMAN GENOME SCI INC. 



US 
US 
US 
US 
US 



2002064869 Al 20020530 



79p 



DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 
AN 
AA 



SQL 
SEQ 



ABB81652 
9 A; 11 
35 L; 16 
281 



1998-27287 
1996-13923P 

1996- 30157P 

1997- 822953 
Patent 
English 
2002-556723 

Protein 



19980220 
19960322 
19961031 
19970321 



R; 
K; 



10 N; 
12 M; 



4 

11 



D; 
F; 



[59] 
DGENE 
0 B; 
39 P; 



4 

26 



C; 
S; 



12 Q; 
12 T; 



13 E; 
4 W; 



0 Z; 
14 Y; 



19 G; 
19 V; 



1 mqqpfnypyp qiywvdssas spwappgtvl pcptsvprrp gqrrpppppp 
51 ppplpppppp pplpplplpp lkkrgnhstg lcllvmffmv lvalvglglg 
101 mfqlfhlqke laelrestsq mhtasslekq ighpspppek kelrkvahlt 



H; 4 
Others 



I; 



151 gksnsrsmpl ewedtygivl lsgvkykkgg Ivinetglyf vyskvyfrgq 
201 scnnlplshk vymrnskypq dlvmmegkmm sycttgqmwa rssylgavfn 



251 ltsadhlyvn vselslvnfe esqtffglyk 1 
HITS AT: 144-146; 209-211 



L12 ANSWER 22 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



AAU99098 Protein DGENE 

Use of modulator of activity of novel glycosyl transferase 
proteins, 47169/33935 proteins, for making a medicament for 
modulating ability of cell to affect glycosylation state of 
lipid or polypeptide target in cell 
Meyers R; Williamson M 
(MILL-N) MILLENNIUM PHARM INC. 

WO 2002040657 A2 20020523 153p 
WO 2001-US47575 20011120 
US 2000-249939P 20001120 
Patent 



AN 
AA 

SQL 
SEQ 



AAU99098 
41 A; 48 
50 L; 35 
603 



English 

2002-508326 [54] 
Protein DGENE 
R; 24 N; 38 D; 0 B; 
K; 16 M; 23 F; 39 P; 



13 
36 



C; 
S; 



18 
25 



Q; 
T; 



35 E; 
17 W; 



0 

22 



Z; 
Y; 



42 G; 
37 V; 



1 mrrkekrllq avalvlaalv llpnvglwal yrerqpdgtp ggsgaavapa 



51 agqgshsrqk 

101 aervdqayre 

151 ipfhnegwss 

201 alfpsvrilr 

251 ldriarnrkt 

301 pelqkadpsd 

351 fkvwmcggrm 

401 yaeyiyqrrp 

451 ppveppaaaw 

501 qvftftwred 



ktf flgdgqk 
ngf niyvsdk 

llrtvhsvln 
tkkreglirt 
ivcpmidvid 

pf espvmagg 

edipcsrvgh 

eyrhlsagdv 

geirnvgtgl 
irpgdpqhtk 



Ikdwhdkeai 
islnrslpdi 

rsppelvaei 
rmlgasvatg 
hddf ryetqa 

If avdrkwfw 

iyrkyvpykv 

avqkklrssl 

cadtkhgalg 
kf cf daisht 



rrdaqrvgng 
rhpncnskry 

vlvddf sdre 
dvitf ldshc 
gdamrgaf dw 

elggydpgle 

pagvslarnl 

ncksf kwfmt 

splrlegcvr 
spvtlydchs 



eqgrpypmtd 
letlpntsii 

hlkkpledym 
eanvnwlppl 
emyykripip 

iwggeqyeis 

krvaevwmde 

kiawdlpkf y 

grgeaawnnm 
mkgnqlwkyr 



17 H; 27 
0 Others 



I; 



551 kdktlyhpvs gscmdcsesd hrifmntcnp ssltqqwlfe htnstvlekf 



601 nrn 

HITS AT: 6-8; 138-140; 295-297; 326-328; 373-375; 391-393; 413-415; 424-426; 
520-522; 571-573 



L12 ANSWER 20 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 



DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AAE2424 0 Protein DGENE 

New human carboxypeptidase, scramblase, and protocadherin 
protein and polynucleotides for identifying modulators fo 
use in diagnosing, treating diabetes mellitus, 
atherosclerosis, cancer, Alzheimer's disease 
Meyers R A; Curtis R A J; Kapeller-libermann R 
(MILL-N) MILLENNIUM PHARM INC. 

WO 2002033088 A2 20020425 170p 
2001-US4 6717 20011022 
20001020 
20001020 
20001023 



WO 
US 
US 
US 



AN 
AA 

SQL 
SEQ 



AAE2424 0 

37 A; 34 

38 L; 21 
444 



2000-241989P 
2000-242324P 
2000-242518P 
Patent 
English 

2002-471400 [50] 
Protein DGENE 
R; 18 N; 16 D; 0 B; 
K; 9 M; 16 F; 20 P; 



13 C; 
38 S; 



14 Q; 
26 T; 



18 E; 0 Z; 
11 W; 25 Y; 



27 G; 
20 V; 



17 H; 26 
0 Others 



1 mdsltcpqsl vcvglriswl feksvfsfta cspwptcgrr rvlslsvkti 



51 nvalshvlmy flparaaara athyraraat hyraraathy raraathyra 

101 raaaragihs qghlihcqrg pefsnllcgr mkplletlyl lgmlvpgglg 

151 ydrslaqhrq eivdksvspw sletysyniy hpmgeiyewm reisekykev 

201 vtqhflgvty ethpiyylki sqpsgnpkki iwmdcgihar ewiapafcqw 

251 fvkeilqnhk dnsrirkllr nldfyvlpvl nidgyiytwt tdrlwrksrs 



301 phnngtcfgt dlnrnfnasw csigasrncq dqtfcgtgpv sepetkavas 

351 fieskkddil cfltmhsygq liltpygytk nkssnhpemi qvgqkaanal 

401 kakygtnyrv gssadilyas sgssrdward igipfsytfe lrdr 

HITS AT: 40-42; 228-230; 266-268 



L12 ANSWER 36 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
' LANGUAGE : 
OTHER SOURCE: 



ABB76177 Protein DGENE 

Composition for treating or preventing pathological 
conditions in which endothelial cells are involved 
or affected e.g. diabetes, inflammation, psoriasis, has 
protein, polynucleotide, or modulators of the protein - 



Ra 



Hatzopoulos A; Hautmann M; Herbst M; 
(GSFU-N)GSF FORSCHUNGSZENTRUM UMWELT 
WO 2002026246 A2 20020404 
WO 2001-EP11282 20010928 
EP 2000-121490 20000929 
Patent 



Geishauser A; 
& GESUNDHEI. 
64p 



Schoch 



AN 
AA 

SQL 
SEQ 



ABB76177 
39 A; 42 



English 
2002-402033 
Protein 
R; 18 N; 29 D; 



55 L; 
606 



30 K; 16 M; 26 F; 



[43] 
DGENE 
0 B; 
43 P; 



14 C; 
53 S; 



32 
34 



Q; 

T; 



26 E; 
6 W; 



0 Z; 
16 Y; 



40 G; 
44 V; 



1 mepprgppan gaepsravgt vkvylpnkqr tvvtvrdgms vydsldkalk 
51 vrglnqdccv vyrlikgrkt vtawdtaiap ldgeelivev ledvpltmhn 
101 fvrktffsla fcdfclkflf hgfrcqtcgy kfhqhcsskv ptvcvdmstn 
151 rqqfyhsvqd lsggsrqhea psnrplnell tpqgpsprtq hcdpehfpfp 
201 apanaplqri rststpnvhm vsttapmdsn liqltgqsfs tdaagsrggs 
251 dgtprgspsp asvssgrksp hskspaeqre rksladdkkk vknlgyrxsg 

301 yywevppsev qllkrigtgs fgtvfrgrwh gdvavkvlkv sqptaeqaqa 

351 fknemqvlrk trhvnillfm gfmtrpgfai itqwcegssl yhhlhvadtr 

4 01 fdmvqlidva rqtaqgmdyl hakniihrdl ksnniflheg ltvkigdfgl 
451 atvktrwsga qpleqpsgsv lwmaaevirm qdpnpysfqs dvyaygvvly 
501 elmtgslpys higcrdqiif mvgrgylspd Iskissncpk amrrllsdcl 



20 H; 22 
1 Others 



551 kfqreerplf pqilatiell qrslpkiers asepslhrtq adelpaclls 
601 aarlvp 

HITS AT: 289-291; 314-316/ 362-364; 392-394; 543-545 



L12 ANSWER 33 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 



ABB80018 Protein DGENE 

New isolated nucleic acids encoding tyrosine kinase 
containing Immunoglobulin and Epidermal Growth Factor (TIE) 
ligand NL2, for diagnosing and treating wounds, 
cancer, and ischaemia and promoting bone and muscle 
development 

Goddard A; Godowski P J; Gurney A L 
(GETH) GENENTECH INC. 



DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AN 
AA 

SQL 
SEQ 



ABB80018 
35 A; 29 
47 L; 16 
406 



US 6372491 Bl 20020416 
US 2000-511133 20000223 
US 1997-59352P 19970919 
US 1998-143707 19980828 
Patent 
English 

2002-392224 [42] 
Protein DGENE 
R; 11 N; 17 D; 0 B; 
K; 7 M; 14 F; 23 P; 



43p 



7 

32 



C; 
S; 



36 Q; 
18 T; 



19 E; 
10 W; 



Z; 
Y; 



34 G; 
19 V; 



1 msgaptagaa Imlcaatavl lsaqggpvqs ksprfaswde mnvlahgllq 
51 lgqglrehae rtrsqlsale rrlsacgsac qgtegstdlp lapesrvdpe 



18 H; 8 
1 Others 



I; 



101 vlhslqtqlk aqnsriqqlf hkvaqqqrhl ekqhlriqhl qsqfglldhk 
151 hldhevakpa rrkrlpemaq pvdpahnvsr Ihrlprdcqe lfqvgerqsg 



201 lfeiqpqgsp pflvnckmts xggwtviqrr hdgsvdfnrp weaykagfgd 

251 phgefwlgle kvhsitgdrn srlavqlrdw dgnaellqfs vhlggedtay 

301 slqltapvag qlgattvpps glsvpfstwd qdhnlrrdkn cakslsggww 

351 fgtcshsnln gqyfrsipqq rqklkkgifw ktwrgryypl qattmliqpm 

401 aaeaas 

HITS AT: 71-73; 121-123; 128-130; 150-152; 163-165; 182-184 



L12 ANSWER 32 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 



ABB80019 Protein DGENE 

New isolated nucleic acids encoding 

containing Immunoglobulin and Epide 

ligand NL2, for diagnosing and trea 

cancer, and ischaemia and promoting 

development 

Goddard A; Godowski P J; Gurney A L 
(GETH) GENENTECH INC. 
US 6372491 Bl 20020416 



DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AN 
AA 

SQL 
SEQ 



ABB80019 
20 A; 19 
33 L; 7 
288 



US 2000-511133 20000223 
US 1997-59352P 19970919 
US 1998-143707 19980828 
Patent 
English 

2002-392224 [42] 
Protein DGENE 
R; 11 N; 12 D; 0 B; 8 
K; 5 M; 11 F; 22 P; 23 



tyrosine kinase 
rmal Growth Factor (TIE) 
ting wounds, 
bone and muscle 



43p 



C; 
S; 



Q; 
T; 



17 E; 
10 W; 



1 mdllwilpsl wllllggpac lktqehpscp gpreleaskv 
51 gspgekgapg pqgppgppgk mgpkgepgpr ncrellsqga 
101 pegralpvfc dmdtegggwl vfqrrqdgsv dffrswssyr 
151 wlgnenlhql tlqgnwelrv eledfngnrt fahyatfrll 
201 gkfsegtagd slslhsgrpf ttydadhdss nsncavivhg 
251 nlngryavse aaahkygidw asgrgvghpy rrvrmmlr 



0 Z; 37 G; 10 H; 3 I; 
10 Y; 12 V; 0 Others 



vllpscpgap 
tlsgwyhlcl 
agf gnqesef 
gevdhyqlal 
awwyascyrs 



HITS AT: 



264-266; 281-283 



L12 ANSWER 31 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 



ABB80020 Protein DGENE 

New isolated nucleic acids encoding tyrosine kinase 
containing Immunoglobulin and Epidermal Growth Factor (TIE) 
ligand NL2 , for diagnosing and treating wounds, 
cancer, and ischaemia and promoting bone and muscle 
development 

Goddard A; Godowski P J; Gurney A L 
( GETH ) GENENTECH INC. 



US 6372491 Bl 
US 2000-511133 
US 1997-59352P 
US 1998-143707 



20020416 
20000223 
19970919 
19980828 



43p 



DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



AN 
AA 

SQL 
SEQ 



ABB80020 
9 A; 19 
48 L; 38 
460 



Patent 
English 

2002-392224 [42] 

Protein DGENE 

R; 32 N; 22 D; 0 B; 

K; 5 M; 18 F; 19 P; 



4 

38 



C; 
S; 



27 
25 



Q; 
T; 



41 

9 



E; 
W; 



0 

18 



Z; 
Y; 



23 
19 



G; 
V; 



1 mftiklllfi vplvissrid qdnssfdsls pepksrfaml ddvkilangl 

51 lqlghglkdf vhktkgqind ifqklnifdq sfydlslqts eikeeekelr 

101 rttyklqvkn eevknmslel nsklesllee killqqkvky leeqltnliq 

151 nqpetpehpe vtslktfvek qdnsikdllq tvedqykqln qqhsqikeie 

201 nqlrrtsiqe pteislsskp raprttpflq lneirnvkhd gipaecttiy 

251 nrgehtsgmy airpsnsqvf hvycdvisgs pwtliqhrid gsqnfnetwe 

301 nykygfgrld gefwlgleki ysivkqsnyv lrieledwkd nkhyieysfy 



15 H; 31 
0 Others 



I; 



351 lgnhetnytl hlvaitgnvp naipenkdlv fstwdhkakg hfncpegysg 
401 gwwwhdecge nnlngkynkp rakskperrr glswksqngr lysikstkml 
451 ihptdsesf e 
HITS AT: 287-289; 342-344 



L12 ANSWER 45 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 

TITLE: 

useful 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AAU79810 Protein DGENE 

New human matrix metalloproteinase and polynucleotides 

for diagnosing and treating atherosclerosis, 
bacterial and viral infections, wound healing, chronic 
injury, traumatic, ischaemia and psoriasis - 
Curtis RAJ 

(MILL-N) MILLENNIUM PHARM INC. 

WO 2002020739 A2 20020314 133p 



AN 
AA 

SQL 
SEQ 



AAU79810 
52 A; 50 
57 L; 18 
520 



WO 2001-US28260 20010910 
US 2000-231136P 20000908 
Patent 
English 

2002-351776 [38] 
Protein DGENE 
R; 12 N; 27 D; 0 B; 5 C; 25 
K; 5 M; 28 F; 37 P; 28 S; 18 



Q; 
T; 



24 E; 
19 W; 



0 

17 



Z; 
Y; 



47 G; 
26 V; 



1 mvarvglllr alqlllwghl daqpaerggq elrkeaeafl ekygylneqv 

51 pkaptstrfs dairafqwvs qlpvsgvldr atlrqmtrpr cgvtdtnsya 

101 awaerisdlf arhrtkmrrk krfakqgnkw ykqhlsyrlv nwpehlpepa 

151 vrgavraafq lwsnvsalef weapatgpad irltffqgdh ndglgnafdg 

201 pggalahafl prrgeahfdq derwslsrrr grnlfvvlah eightlglth 

251 spapralmap yykrlgrdal lswddvlavq slygkplggs vavqlpgklf 

301 tdfetwdsys pqgrrpetqg pkychssfda itvdrqqqly ifkgshfwev 

351 aadgnvsepr plqerwvglp pnieaaavsl ndgdfyffkg grcwrfrgpk 

4 01 pvwglpqlcr agglprhpda alffpplrrl ilfkgaryyv largglqvep 



14 H; 11 
0 Others 



451 yyprslqdwg gipeevsgal prpdgsiiff rddrywrldq aklqattsgr 
501 watelpwmgc whansgsalf 
HITS AT: 121-123; 263-265; 428-430 



L12 ANSWER 43 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



ABB75939 Protein DGENE 

Novel recombinant protein termed angioquiescin useful for 
treating tumor, ulcer, comprises amino acid 
sequence corresponding to Kringle 1-5, secretory signal 
peptide and pre-activation peptide of mammalian plasminogen 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



Cao Y 

(KARO-N) KAROLINSKA INNOVATIONS AB. 
WO 2002020813 A2 20020314 
WO 2001-EP10090 20010831 
US 2000-230893P 20000905 
Patent 



63p 



AN 
AA 

SQL 
SEQ 



ABB75939 
37 A; 42 
48 L; 49 
810 



English 

2002-362251 [39] 
Protein DGENE 
R; 40 N; 36 D; 0 B; 
K; 11 M; 21 F; 69 P; 



48 
56 



C; 
S; 



31 
61 



Q; 
T; 



56 E; 
19 W; 



0 

30 



Z; 
Y; 



62 G; 
49 V; 



1 mehkevvlll llflksgqge plddyvntqg aslfsvtkkq lgagsieeca 
51 akceedeeft crafqyhske qqcvimaenr kssiiirmrd vvlfekkvyl 

101 secktgngkn yrgtmsktkn gitcqkwsst sphrprfspa thpsegleen 
151 ycrnpdndpq gpwcyttdpe krydycdile ceeecmhcsg enydgkiskt 

201 msglecqawd sqsphahgyi pskfpnknlk knycrnpdre lrpwcfttdp 
251 nkrwelcdip rcttpppssg ptyqclkgtg enyrgnvavt vsghtcqhws 

301 aqtphthnrt penfpcknld enycrnpdgk rapwchttns qvrweyckip 

351 scdsspvste qlaptappel tpvvqdcyhg dgqsyrgtss ttttgkkcqs 

401 wssmtphrhq ktpenypnag ltmnycrnpd adkgpwcftt dpsvrweycn 

451 lkkcsgteas vvapppvvll pdvetpseed cmfgngkgyr gkrattvtgt 

501 pcqdwaaqep hrhsiftpet npraglekny crnpdgdvgg pwcyttnprk 

551 lydycdvpqc aapsfdcgkp qvepkkcpgr vvggcvahph swpwqvslrt 

601 rfgmhfcggt lispewvlta ahcleksprp ssykvilgah qevnlephvq 
651 eievsrlfle ptrkdiallk lsspavitdk vipaclpspn yvvadrtecf 
701 vtgwgetqgt fgagllkeaq Ipvienkvcn ryeflngrvq stelcaghla 
751 ggtdscqgds ggplvcfekd kyilqgvtsw glgcarpnkp gvyvrvsrfv 
801 twiegvmrnn 
HITS AT: 96-98; 171-173; 252-254; 549-551 



24 H; 21 
0 Others 



I; 



L12 ANSWER 38 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



ABB80688 Protein DGENE 

New canine angiostatin polypeptide, useful in treatment and 
diagnosis of angiostatin-related disorders e.g. 
cancer and rheumatoid arthritis and to screen for 
modulating compounds useful to treat such disorders - 
Sheppard M G; Tong X 
(PFIZ) PFIZER PROD INC. 

EP 1197550 A2 20020417 57p 
EP 2001-307230 20010824 
US 2000-228000 20000825 
Patent 



AN 
AA 

SQL 
SEQ 



ABB80688 



English 
2002-354188 
Protein 



17 A; 23 R; 29 N; 18 D; 
12 L; 28 K; 10 M; 12 F; 
451 



[39] 
DGENE 
0 B; 
45 P; 



30 C; 18 Q; 37 E; 0 Z; 27 G; 15 H; 11 I; 
36 S; 35 T; 12 W; 20 Y; 16 V; 0 Others 



1 crafqyhske qqcvimpens kssivfrmrd vflfekriyl secktgngkt 



51 yrgtmaktkn dvacqkwsdn sphkpnytpe khplegleen ycrnpdnden 
101 gpwcyttnpd vrfdycnipe ceeecmhcsg enyegkiskt ksglecqawn 
151 sqtphahgyi pskfpsknlk mnycrnpdge prpwcftmdp nkrwefcdip 



201 rcttppppsg ptyqclkgrg esyrgkvsvt vsghtcqhws eqtphkhnrt 

251 penfpcknld enycrnpdge tapwcyttns evrwehcqip scesspitte 

301 yldapasvpp eqtpvvqecy hgngqsyrgt ssttitgrkc qswssmtphr 

351 hektpehfpe agltmnycrn pdadkspwcy ttdpsvrwef cnlrkcldpe 

401 asatnspavp qvpsgqepsa sdcmfgngkg yrgkkattvm gipcqewaaq 

451 e 

HITS AT: 36-38; 192-194 



L14 ANSWER 1 OF 
ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



59 DGENE (C) 2002 THOMSON DERWENT 
ABB844 01 Protein DGENE 

Isolated nucleic acid encoding a human kinase, useful 
treating autoimmune disorders and malignancies - 
Roifman C M 

& DEV LP. 
19981025 57p 

19970425 
19970425 



for 



AN 
AA 

SQL 
SEQ 



ABB84401 
51 A; 61 
108L; 78 
1133 



(HSCR-N)HSC RES 
CA 2203706 A 

CA 1997-2203706 
CA 1997-2203706 
Patent 
English 

2000-024038 [03] 
Protein DGENE 
R; 68 N; 54 D; 0 B; 
K; 30 M; 53 F; 52 P; 



27 
71 



C; 
S; 



46 Q; 
55 T; 



86 E; 
14 W; 



0 

49 



Z; 
Y; 



62 G; 
60 V; 



33 H; 75 
0 Others 



I; 



1 mgmacltmte megtstssiy qngdisgnan smkqidpvlq vylyhslgkp 

51 eadyltfpsg eyvaeeicia askacgitpv yhnmfalmse teriwyppnh 

101 vfhidestrh nvlyrirfyf prwycsgsnr ayrhgisrga eapllddfvm 

151 sylfaqwrhd lvhgwikvpv tretqeeclg tavlhmmria kendqtplai 

201 ynsisyktfl pkcirakiqd yhiltrkrir yrfrrfiqqf sqckatarnl 

251 klkylinlet lqsafytekf evkepgsgps geeifatiii tgnggiqwsr 

301 gkhkesetlt eqdlqlycdf pniidvsikq anqegsnesr vvtihkqdgk 

351 nleiielssl realsfvsli dgyyrltada hhylckevap pavleniqsn 

401 chgpismvfa isklknagnq tglyvlrcsp kdfnkyfltf averenviey 

451 khclitknen eeynlsgtkk nfsslkdlln cyqmetvrsd niifqftkcc 

501 ppkpkdksnl lvfrtngvsd vptsptlqrp thmnqmvfhk irnedlifne 

551 slgqgtftki fkgvrrevgd ygqlhetevl lkvldkahrn ysesffeaas 

601 mmsklshkhl vlnygvcvcg denimvqefv kfgsldtylk knkncinilw 

651 klevakqlaw amhfleentl ihgnvcakni qlireedrkt gnppfiklse 

7 01 pgisitvlpk dilqeripwv ppecienpkn Inlatdkwsf gttlweicsg 

751 gdkplsalds qrklqfyedr hqlpapkwae lanlinncmd yepdfrpsfr 

801 aiirdlnslf tpdyellten dmlpnmrnga Igfsgafedr dptqfeerhl 

851 kflqqlgkgn fgsvemcryd plqdntgevv avkklqhste ehlrdferei 

901 eilkslqhdn ivkykgvcys agrrnlklim eylpygslrd ylqkhkerid 

951 hikllqytsq ickgmvylgt kryihrdlat rnilvenenr vkigdfgltk 

1001 vlpqdkeyyk vkepgespif wyapesltes kfsvasdvws fgvvlyelft 

1051 yieksksppa efmrmigndk qgqmivfhli ellknngrlp rpdgcpdeiy 

1101 mimtecwnnn vnqrpsfrdl vlrvdqvrdn mag 

HITS AT: 227-229; 234-236; 381-383; 539-541; 608-610; 762-764; 848-850; 
883-885; 971-973 



LI 4 ANSWER 50 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 

in 

INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AAM49503 Protein DGENE 

Gene clone of inhibitory factor for hyperplasia of inner 
blood vessel cells in human body's real tumor, and its use 

anti-tumor blood vessel regeneration - 
Xu G; Ren M; Xu L 



AN 
AA 

SQL 
SEQ 



AAM49503 
18 A; 15 
20 L; 5 
183 



(XUGG-I)XU G. 

CN 1177005 A 19980325 

CN 1997-107112 19970910 
CN 1997-107112 19970910 
Patent 
Chinese 

2002-106746 [15] 
Protein DGENE 
R; 4 N; 8 D; 0 B; 4 
K; 2 M; 10 F; 10 P; 20 



6p 



C; 
S; 



Q; 
T; 



E; 
W; 



Z; 
Y; 



16 G; 
9 V; 



1 hshrdfqpvl hlvalnspls ggmrgirgad fqcfqqarav glagtfrafl 

51 ssrlqdlysi vrradraavp ivnlkdellf pswealfsgs egplkpgari 

101 fsfdgkdvlr hptwpqksvw hgsdpngrrl tesycetwrt eapsatgqas 

151 sllggrllgq saaschhayi vlciensfmt ask 

HITS AT: 128-130 



7 H; 6 
0 Others 



I; 



LI 4 ANSWER 4 9 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 

in 

INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AAM49504 Protein DGENE 

Gene clone of inhibitory factor for hyperplasia of inner 
blood vessel cells in human body's real tumor, and its use 



anti-tumor blood vessel regeneration - 
Xu G; Ren M; Xu L 
(XUGG-I)XU G. 

19980325 

19970910 
19970910 



AN 
AA 

SQL 
SEQ 



AAM49504 
12 A; 15 
18 L; 4 
183 



CN 1177005 A 

CN 1997-107112 
CN 1997-107112 
Patent 
Chinese 

2002-106746 [15] 
Protein DGENE 
R; 4 N; 9 D; 0 B; 
K; 3 M; 9 F; 8 P; 



6p 



4 C; 
23 S; 



12 Q; 
9 T; 



E; 
W; 



Z; 
Y; 



16 G; 
11 V; 



6 H; 6 
1 Others 



I; 



1 hthqdfqpvl hlvalntpls ggmrgirgad fqcfqqarav glsgtfrafl 
51 ssrlqdlysi vrradrgsvp ivnlkdevls pswdslfsgs qgqvqpgari 
101 fsfdgrdvlr hpawpqksvw hgsdpsgrrl mesycetwrt ettgatgqas 

151 sllsgrlleq kaaschnsyi vlciensfmt xsk 
HITS AT: 128-130 



FEATURE TABLE: 

Key | Location | Qualifier | 

Misc-dif ference | 181 | label | Ser, Phe 



L12 ANSWER 69 OF 69 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: AAE18552 Protein DGENE 

TITLE: Novel human ATPase polypeptide and nucleic acid molecules 

for 

diagnosing and treating cellular proliferative 
disorders e.g. cancer, and brain, heart, bone or 
liver disorders, viral diseases and identifying modulators 
Meyers R; Williamson M 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 



DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



(MILL-N) MILLENNIUM PHARM INC. 
WO 2002006465 A2 20020124 
WO 2001-US22165 20010712 
US 2000-218053P 20000713 
US 2000-715479 20001117 
Patent 



124p 



AN 
AA 

SQL 
SEQ 



AAE18552 
74 A; 43 
60 L; 29 
665 



English 

2002-171807 [22] 
Protein DGENE 
R; 20 N; 41 D; 0 B; 
K; 14 M; 18 F; 46 P; 



13 
58 



C; 
S; 



27 Q; 
26 T; 



47 E; 
4 W; 



0 Z; 
17 Y; 



52 G; 
31 V; 



1 mevsgpeddp flsqlhqvqc pvcqqmmpaa hinshldrcl llhpaghaep 
51 aagshrager akgpsppgak rrrlsessal kqpatptaae ssegegeegd 



20 H; 25 I; 
0 Others 



101 dggetesres ydapptpsga rlipdfpvar ssspgrkgsg krpaaaaaag 

151 sasprswdea eaqeeeeavg dgdgdgdada dgeddpghwd adaaeaataf 

201 gasgggrphp ralaaeeirq mlqgkpladt mrpdtlqdyf gqskavgqdt 

251 llrslletne ipslilwgpp gcgkttlahi iasnskkhsi rfvtlsatna 

301 ktndvrdvik qaqneksffk rktilfidei hrfnksqqdt flphvecgti 

351 tligattenp sfqvnaalls rcrvivlekl pveamvtilm rainslgihv 

401 ldssrptdpl shssnsssep amfiedkavd tlaylsdgda raglnglqla 

451 vlarlssrkm fckksgqsys psrvlitend vkeglqrshi lydrageehy 

501 ncisalhksm rgsdqnasly wlarmlegge dplyvarrlv rfasedigla 



551 dpsaltqava ayqgchfigm pecevllaqc vvyfarapks ievysaynnv 

601 kaclrnhqgp lppvplhlrn aptrlmkdlg ygkgykynpm ysepvdqeyl 

651 peelrgvdff kqrrc 

HITS AT: 72-74; 331-333; 458-460; 537-539 



L25 ANSWER 22 OF 27 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: ABB7 6982 Peptide DGENE 

TITLE: Novel inverted CCAAT box binding protein, and related 

nucleic 

acids, antibodies and specific ligands, useful for treating 

and preventing cancer - 
INVENTOR: Bronner C; Hopfner R; Mousli M; Jeltsch J; Lutz Y; Oudet P 

PATENT ASSIGNEE: (ADER-N) ADEREGEM ASSOC DEV RECH EN GENETIQ. 
PATENT INFO: WO 2000078949 Al 20001228 — 115p 

APPLICATION INFO: WO 2000-FR1747 20000622 
PRIORITY INFO: FR 1999-7935 19990622 
DOCUMENT TYPE: Patent 
LANGUAGE: French 
OTHER SOURCE: 2001-091571 [10] 

AN ABB7 6982 Peptide DGENE 

AA 0 A; 3 R; 2 N; 3 D; 0 B; 3 C; 0 Q; 0 E; 0 Z; 1 G; 1 H; 0 I; 
1 

L; 3 K; 2 M; 0 F; 2 P; 3 S; 0 T; 0 W; 0 Y; 2 V; 0 Others 
SQL 26 
SEQ 

1 mvdnpmrrks gpsckhckdd vnrlcs 
HITS AT: 8-10 



L12 ANSWER 68 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 



AAU75587 Protein DGENE 

A non-Goodpasture fragment of alpha3 ( IV) NCI domain used in 
detecting and treating disorders involving 
angiogenesis - 
Kalluri R 

(BETH-N) BETH ISRAEL DEACONESS MEDICAL CENT. 



WO 2001051523 A2 20010719 



205p 



DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AN 
AA 

SQL 
SEQ 



AAU75587 
17 A; 13 R; 
14 L; 5 K; 
229 



WO 2001-US565 
US 2000-479118 
US 2000-543371 
US 2000-625191 
Patent 
English 
2002-188037 
Protein 



20010108 
20000107 
20000404 
20000721 



N; 
M; 



5 

11 



D; 
F; 



[24] 
DGENE 
0 B; 
16 P; 



12 C; 
25 S; 



8 Q; 
15 T; 



11 
4 



E; 
W; 



Z; 
Y; 



17 G; 
10 V; 



1 svdhgflvtr hsqtiddpqc psgtkilyhg ysllyvqgne rahgqdlgta 
51 gsclrkfstm pflfcninnv cnfasrndys ywlstpepmp msmapitgen 



H; 11 I; 
Others 



101 irpfisrcav ceapamvmav hsqtiqippc psgwsslwig ysfvmhtsag 

151 aegsgqalas pgscleefrs apfiechgrg tcnyyanays fwlatierse 

201 mfkkptpstl kagelrthvs rcqvcmrrt 

HITS AT: 55-57 



L14 ANSWER 9 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AAO17801 Protein DGENE 
Pneumococcal surface protein SpsA 
vaccines 

Chhatwal G S; Hammerschmidt S 
(GBFB)GES BIOTECHNOLOGISCHE FORSCHUNG MBH 



for use in producing 



AN 
AA 

SQL 
SEQ 



AAO17801 
50 A; 14 
28 L; 57 
523 



DE 19708537 Al 19980910 

DE 1997-19708537 19970303 
DE 1997-19708537 19970303 
Patent 
German 

1998-481924 [42] 
Protein DGENE 
R; 39 N; 20 D; 0 B; 0 C; 22 Q; 
K; 12 M; 5 F; 12 P; 44 S; 35 T; 



12p 



55 E; 
19 W; 



0 

32 



Z; 
Y; 



35 G; 
29 V; 



1 mfaskserkv hysirkfsig vasvvvaslv mgsvvhaten egstqaatfs 

51 nmanksqteq geinierdka ktavseykek kvseiytkle rdrhkdtvdl 

101 ' vnklqeikne ylnkivqsts kteiqglitt srskldeavs kykkapssss 
151 ssgsstkpea sdtakpnkpt elekkvaeae kkveeakkka kdqkeedyrn 

201 yptityktle leiaesdvev kkaelelvke eakeprneek vkqakakves 

251 eeteatrlek iktdrkkaee eakrkaaeed kvkekpaeqq aeedyarrse 

301 eeynrltqqq ppktekpaqp stpktgwkqe ngmwyfyntd gsmatgwlqn 

351 ngswyylnsn gamatgwlqn ngswyylnan gsmatgwlqn ngswyylnan 

401 gsmatgwlqy ngswyylnan gdmatgwlqy ngswyylnan gdmatgwlqy 

451 ngswyylnan gdmatgwvkd gdtwyyleas gamkasqwfk vsdkwyyvng 

501 sgalavnttv dgygvnange wvn 

HITS AT: 8-10; 15-17; 80-82; 174-176; 181-183 



H; 12 
Others 



L14 ANSWER 8 OF 59 DGENE 
ACCESSION NUMBER: ABB09587 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



(C) 2002 THOMSON DERWENT 
Protein DGENE 
Gene related to rat's and human hypertension (HRG-1) , useful 
for curing tumor and cardiovascular disease - 
Tang J; Chen G 

(UYBE-N)UNIV BEIJING MEDICAL. 
CN 1181420 A 19980513 



7p 



AN 
AA 

SQL 
SEQ 



ABB09587 
43 A; 43 
75 L; 33 
661 



CN 1997-121655 19971121 
CN 1997-121655 19971121 
Patent 
Chinese 

2002-384015 [42] 
Protein DGENE 
R; 23 N; 34 D; 0 B; 12 
K; 25 M; 30 F; 21 P; 50 



C; 
S; 



43 
30 



Q; 

T; 



51 E; 
9 W; 



0 Z; 
13 Y; 



34 G; 
50 V; 



1 mkvaffgrts ngkstvinam lwdkvlpsgi ghttncflrv ggtdgheafl 

51 ltegseekks vktvnqlaha lhqdeqlhag slvsvmwpns kcpllkddlv 

101 lmdspgidvt teldswidkf cldadvfvlv ansestlmqt ekqffhkvse 

151 rlsrpnifil nnrwdasase peymeevrrq hmerctsflv delgvvdraq 

201 agdriffvsa kevlsarvqk aqgmpeggga laegfqvrmf efqnferrfe 

251 ecisqsavkt kfeqhtvrak qiaeavrlim dslhiaaqeq rvyclemree 

301 rqdrlrfidk qlellaqdyk lrikqmteev erqvstamae eirrlsvlvd 

351 eyqmdfhpsp vvlkvyknel hrhieeglgr nmsdrcstai asslqtmqqd 

401 midglkpllp vsvrnqidml vprqcfslsy dlncdklcad fqediefhfs 

451 lgwtmlvnrf lgpknsrral lgyndqvqrp lpltpanpsm pplpqgsltq 

501 eelmvsmvtg lasltsrtsm gilvvggvvw kavgwrlial sfglygllyv 

551 yerltwttra kerafkrqfv eyaseklqli isytgsncsh qvqqelsgtf 

601 ahlcqqvdit rdnleqeiaa mnkkvealds lqskakllrn kagwldseln 

651 mfihqylqps r 

HITS AT: 146-148; 247-249; 343-345; 372-374; 623-625 



16 H; 26 I; 
0 Others 



L14 ANSWER 22 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER 
TITLE: 
INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



ABB07 031 Protein DGENE 

NEF GENE SEPARATED NOVEL HIV- 2 AND PROTEIN - 
Kim S; Kim S; Lee H 
(GREC) GREEN CROSS CORP. 

KR 155598 Bl 19981015 15p 

KR 1994-12648 19940604 
KR 1993-10192 19930607 
Patent 



AN 
AA 

SQL 
SEQ 



ABB07031 
8 A; 22 
20 L; 14 
254 



Korean 

2000-314431 [27] 

Protein DGENE 

R; 4 N; 19 D; 0 B; 

K; 7 M; 11 F; 19 P; 



4 

11 



C; 
S; 



12 
11 



Q; 
T; 



19 
6 



E; 
W; 



0 Z; 
10 Y; 



26 G; 
13 V; 



1 mgasgskkhs kplqglrerl lpargetcgg hcdgseegyp qsqgesgrer 
51 vpscegqrhq qgdfmntpwk tpaterekkl yrqqnmddvd fddddligvp 



10 H; 8 
0 Others 



I; 



101 vtprvplrem tyrlavdmsh fikirgdleg mfyserrhrs rhilrkeegi 



151 ipdwqnytyg pgvrypkffg wlwklvpvev lqlgdddgth cllhpvqtgr 

201 fddlhgqtlv wrfdpmlahe ytafikypee fvyksgppeg dwkarlkarg 

251 ipfn 

HITS AT: 78-80; 141-143 



L14 ANSWER 20 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: ABB07033 Protein DGENE 



TITLE: 
INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



NEF GENE SEPARATED NOVEL HIV-2 AND PROTEIN - 
Kim S; Kim S; Lee H 
(GREC) GREEN CROSS CORP. 

KR 155598 Bl 19981015 15p 

KR 1994-12648 19940604 
KR 1993-10192 19930607 
Patent 
Korean 
2000-314431 



AN 
AA 

SQL 
SEQ 



ABB07033 
13 A; 21 
18 L; 14 
256 



Protein 
R; 6 N; 
K; 6 M; 



17 
10 



D; 
F; 



[27] 
.DGENE 
0 B; 
18 P; 



3 C; 
16 S; 



12 Q; 
8 T; 



24 E; 
7 W; 



0 

14 



Z; 
Y; 



23 G; 
9 V; 



1 mgasgskkhs rpprglqerl lraragacgg ywnesggeys rfqegsdreq 

51 kspscegrqy qqgdfmnipw kdpaaerekn lyrqqnwddv dsddddqyrv 

101 svtpkvplrp mthrlaidms hliktrggle gmfyserrhk ilniylekee 

151 giiadwqnyt hgpgvrypmf fgwlwklvpv dypqegedte trclyhpaqt 

201 skfddphget lvwefdplla ysyeafiryp eefghksglp eeevkarlka 

251 rgipfs 

HITS AT: 113-115; 139-141 



8 H; 9 
0 Others 



I; 



L14 ANSWER 17 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: ABB08908 Protein DGENE 

Envelope gene of pepper mild mottle virus 
Nam H; Choe J; Lee H; Park Y; Kim C 
(POHA-N) POHANG ENG COLLEGE. 
KR 149216 Bl 19980817 

KR 1994-29486 19941111 
KR 1994-29486 19941111 
Patent 
Korean 
2000-252824 
Protein 



TITLE: 
INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



AN 
AA 

SQL 
SEQ 



ABB08908 
18 A; 8 
16 L; 2 
159 



R; 
K; 



10 N; 
3 M; 



D; 
F; 



[22] 
DGENE 
0 B; 
6 P; 



1 

11 



C; 
S; 



11 Q; 
20 T; 



E; 
W; 



12p 



1 maytvssanq lvylgsvwad plelqnlcts algnqfqtqq 
51 dvwktiptat vrfpatgfkv lgynavldsl vsallgafdt 
101 qnpttaetld atrrvddatv airasisnlm nelvrgtgmy 



0 Z; 8 G 
5 Y; 13 V 



arttvqqqf s 
rnriievenp 
nqalf esasg 



151 ltwattpyt 
HITS AT: 113-115 



LI 4 ANSWER 16 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 

TITLE: 

e . coli 

INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 
AN 



AAM48422 Protein DGENE 

Novel alkaline protease gene and expression thereof in 



- NoAbstract 

Yu W; Lee H; Jang W; Kim E 
(KOAD) KAIST. 

KR 9709083 Bl 19970605 

KR 1994-9139 19940428 
KR 1994-9139 19940428 
Patent 



17p 



AA 

SQL 
SEQ 



Korean 

1999-523621 [44] 
AAM48422 Protein DGENE 
30 A; 12 R; 22 N; 11 D; 0 B; 
18 L; 2 K; 5 M; 9 F; 8 P; 
283 



4 

34 



C; 
S; 



17 Q; 
12 T; 



E; 
W; 



Z; 35 G; 
Y; 30 V; 



1 aqqtpygirm vqadqlsdvy aanrkvcvid sgylrnhvdl psagvtgstf 



51 sghgswftdg nghgthvagt ivaldnnvgv vgvlpsglvg lhnvkifnds 

101 gvwtrasdli qaiqscqsag shvvnmslgg sqgsvteqna mrnfyqqgml 

151 lvaaagnsgn sgfsypasyd avisvaavns sgnvanfsqf nsqvelsapg 

201 vnvlstgnng gylsysgtsm asphvagvaa lvwshfpqcr perirqslsq 

251 taldrgaagr dnftgwgivq araaynwlsr ngc 
HITS AT: 24-26 



8 H; 9 
0 Others 



I; 



L14 ANSWER 23 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: ABB07030 Protein DGENE 

TITLE: MODIFIED ERYTHROPOIETIN GENE AND EXPRESSION VECTORS THEREOF 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



Kim C; Song Y; Lee T 
(GLDS)LG CHEM CO LTD. 
KR 145802 Bl 19980801 

KR 1994-12082 19940531 
KR 1994-12082 19940531 
Patent 



AN 
AA 

SQL 
SEQ 



ABB07030 
19 A; 13 
23 L; 8 
166 



Korean 

2000-234250 [20] 

Protein DGENE 

R; 6 N; 6 D; 0 B; 

K; 1 M; 4 F; 8 P; 



4 

10 



C; 
S; 



7 

11 



Q; 
T; 



12 E; 
3 W; 



15p 



Z; 
Y; 



9 G; 
11 V; 



1 apprlicdsr vlerylleak eaenittgca ehcslnenit vpdtkvnfya 
51 wkrmevgqqa vevwqglall seavlrgqal lvnssqpwep lqlhvdkavs 

101 glrslttllr algaqkeais ppdaasaapl rtitadtfrk lfrvysnflr 



H; 5 
Others 



I; 



151 gklklytgea crtgdr 
HITS AT: 52-54; 139-141 



L14 ANSWER 31 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: ABB08497 Protein DGENE 

TITLE: STABILISED RECOMBINANT ANIMAL CELL LINE EXPRESSING ENVELOPE 

2 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



PROTEIN OF HCV 
Ryu W; Yang J; Cho J 

(GLDS)LG CHEM CO LTD. 

KR 138597 Bl 19980430 

KR 1994-18832 19940730 

KR 1994-18832 19940730 
Patent 



8p 



AN 
AA 

SQL 
SEQ 



ABB08497 
20 A; 18 
28 L; 5 
300 



Korean 

2000-144176 [13] 
Protein DGENE 
R; 17 N; 12 D; 0 B; 
K; 4 M; 12 F; 25 P; 



18 
16 



C; 
S; 



9 

29 



Q; 
T; 



E; 
W; 



0 

13 



Z; 

Y; 



29 
14 



G; 
V; 



1 myrmqllsci alslalvtns gaqgraassl tslfspgpvq hlqlintngs 

51 whinrtalsc ndslntgfva alfykyrfna sgcperlatc rpidtfaqgw 

101 gpitytephd ldqrpycwhy apqpcgivpt Iqvcgpvycf tpspvavgtt 

151 drfgaptyrw ganetdvlll nnagppqgnw fgctwmngtg ftktcggppc 

201 niggvgnntl tcptdcfrkh pgatytkcgs gpwltprclv dypyrlwhyp 

251 ctvnftifkv rmyvggaehr ldaacnwtrg ercdledrdr selsplllst 



H; 8 
Others 



I; 



HITS AT: 



269-271 



L14 ANSWER 40 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 

INVENTOR: 

PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



AAU77257 Protein DGENE 

Preparation for human adenylate kinase 2B protein - No 
Abstract 

Choi I S; Lee Y H; Kim J H; Lee I A; Kang H B; Choi Y G; Lim 
J S; Lee H G; Chung T H 

(KOAD) KOREA ADV INST SCI & TECHNOLOGY. 
KR 98069616 A 19981026 18p 

KR 1997-6762 19970228 
KR 1997-6762 19970228 
Patent 



AN 
AA 

SQL 
SEQ 



AAU77257 
21 A; 15 
24 L; 18 
232 



Korean 

1999-608661 [54] 

Protein DGENE 

R; 5 N; 14 D; 0 B; 

K; 8 M; 7 F; 17 P; 



3 

15 



C; 
S; 



5 

12 



Q; 
T; 



18 
0 



E; 
W; 



Z; 
Y; 



15 G; 
11 V; 



5 H; 14 
0 Others 



I; 



1 mapsvpaaep eypkgiravl lgppgagkgt qaprlaenfc vchlatgdml 
51 ramvasgsel gkklkatmda gklvsdemvv elieknletp lckngflldg 



101 fprtvrqaem lddlmekrke kldsviefsi pdsllirrit grlihpksgr 



151 syheefnppk epmkdditge plirrsddne kalkirlqay htqttpliey 
201 yrkrgihsai dasqtpdvvf asilaafska ts 
HITS AT: 62-64; 137-139 



L14 ANSWER 39 OF 59 DGENE (C) 2 002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 

polynucleotides 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO : 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 
AN 
AA 



AAU77262 Protein DGENE 

Novel Aquifex pyrophilus superoxide dismutase 

and polypeptides, used for the treatment of inflammation, 
autoimmune disorders, and chromosome lesions 



Han Y S; Yoo Y G; Kim S H; 
(KOAD) KOREA ADV INST SCI & 
KR 98065913 A 19981015 

KR 1997-1140 19970116 
KR 1997-1140 19970116 
Patent 



Lim J H; Ryoo 
TECHNOLOGY. 



J R; Choi I G 



16p 



SQL 
SEQ 



AAU77262 

18 A; 6 

19 L; 20 
213 



Korean 

1999-588588 [50] 

Protein DGENE 

R; 15 N; 12 D; 0 B; 

K; 5 M; 10 F; 8 P; 



C; 
S; 



Q; 
T; 



21 
2 



E; 
W; 



0 

14 



Z; 
Y; 



15 G; 
12 V; 



H; 13 
Others 



I; 



1 mgvhklepkd hlkpqnlegi sneqiephfe ahykgyvaky neiqekladq 

51 nfadrskanq nyseyrelkv eetfnymgvv lhelyfgmlt pggkgepsea 
101 Ikkkieedig gldactnelk aaamafrgwa ilgldifsgr lvvngldahn 



151 vynltglipl ividtyehay yvdyknkrpp yidaffknin wdvvnerfek 
201 amkayealkd fik 
HITS AT: 4-6; 103-105 



L14 ANSWER 53 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 

TITLE: 

peptides 

ice 



INVENTOR: 

PATENT ASSIGNEE: 

(UNIL) 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



ABB04381 protein DGENE 

Frozen food product mfg. process - using anti-freeze 

to produce specific elongated ice crystals with desirable 

recrystallisation properties and relatively hard and brittle 
texture 

R A; McArthur A J; 



Byass L J; Doucet C J; Fenn 
M; Smallwood M F; Warrell D 
(UNIL) UNILEVER NV. 
UNILEVER PLC. 
WO 9822591 A2 19980528 
WO 1997-EP6181 19971106 
EP 1996-308362 19961119 
Patent 



Sidebottom C 



37p 



AN 
AA 

SQL 
SEQ 



ABB04381 
7 A; 8 
33 L; 8 
197 



English 

2001-227110 [08] 
protein DGENE 
R; 15 N; 11 D; 0 B; 
K; 1 M; 16 F; 16 P; 



5 

16 



C; 
S; 



7 

10 



Q; 

T; 



E; 
W; 



Z; 
Y; 



15 
6 



G; 
V; 



1 gpvplffpql tkltcldlsf nkllgvippq lstlpnlkal hlerneltge 
51 ipdifgnfag spdiylshnq ltgfvpktfa radpirldfs gnrlegdisf 
101 lfgpkkrlem ldfsgnvlsf nfsrvqefpp sltyldlnhn qisgslssel 



H; 8 
Others 



I; 



151 akldlqtfnv sdnnlcgkip tggnlqrfdr taylhnsclc gaplpec 
HITS AT: 106-108 



L14 ANSWER 59 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: ABB08434 protein DGENE 

Base sequence and amino acid sequence of levansucrase 



TITLE: 
derived 

INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 
AN 



from Rahnella aquatilis . 

Lee S G; Song G B; Suh J W; Kim C H; Chung B H 
(KOAD) KOREA ADV INST SCI & TECHNOLOGY. 



AA 

SQL 
SEQ 



ABB08434 

20 A; 18 R; 27 N; 
26 L; 13 K; 10 M; 
415 



KR 98077501 A 19981116 

KR 1997-14646 19970419 
KR 1997-14646 19970419 
Patent 
Korean 

2000-035371 [03] 
protein DGENE 

30 D; 0 B; 4 C; 
18 F; 28 P; 25 S; 



16p 



10 Q; 
33 T; 



19 E; 
9 W; 



0 Z; 42 G; 
21 Y; 34 V; 



1 mtnlnytpti wtradalkvn endptttqpi vdadfpvmsd evfiwdtmpl 

51 rsldgtvvsv dgwsviftlt aqrnnnnsey ldaegnydit sdwnnrhgra 

101 ricywysrtg kdwifggrvm aegvsptsre wagtpillne dgdidlyytc 

151 vtpgatiakv rgkvltseeg vtlagfnevk slfsadgvyy qtesqnpywn 

201 frdpspfidp hdgklymvfe gnvagergsh vigkqemgtl' ppghrdvgna 

251 ryqagcigma vakdlsgdew eilpplvtav gvndqterph fvfqdgkyyl 

301 ftishkftya dgltgpdgvy gflsdnltgp yspmngsglv lgnppsqpfq 



7 H; 21 I; 
0 Others 



351 tyshcvmpng lvtsfidnvp tsdgnyrigg teaptvkivl kgnrsfverv 
401 fdygyippmk niiln 
HITS AT: 305-307 



L12 ANSWER 66 OF 69 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 

the 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 
AN 
AA 



AAU87975 Protein DGENE 

New endothelial differentiation, G-protein coupled 
receptor-4 gene (EDG4) polymorphic variants, for studying 

expression and function of EDG4 and screening drugs to treat 
ovarian cancer 

Kazemi A; Koshy B; Sanchis A 
( GENA-N ) GENAI S SANCE PHARM INC. 



WO 2002012342 A2 20020214 

WO 2001-US24649 20010806 

US 2000-223177P 20000804 
Patent 



66p 



AAU87975 
34 A; 29 
57 L; 4 



English 
2002-257470 
Protein 
R; 10 N; 7 D; 
K; 11 M; 13 F; 



[30] 
DGENE 
0 B; 
10 P; 



12 
27 



C; 
S; 



8 

18 



Q; 
T; 



12 
6 



E; 
W; 



0 

13 



Z; 
Y; 



20 
38 



G; 
V; 



SQL 
SEQ 



351 




1 


mvimgqcyyn 


51 


llviaaiasn 


101 


legwf lrqgl 


151 


ivgvwvaalg 


201 


f llmvavytr 


251 


vvcwtpgqvv 


301 


emrrtf rrll 


351 


1 



11 H; 11 
0 Others 



I; 



HITS AT: 61-63; 217-219; 307-309 



L12 ANSWER 2 OF 
ACCESSION NUMBER: 
TITLE: 



INVENTOR: 



PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 
DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 



69 DGENE (C) 2002 THOMSON DERWENT 
ABB79643 Protein DGENE 

Treating, delaying the onset of, or ameliorating an 
inflammatory pathology (e.g. inflammatory bowel disease or 
Crohn* s disease) by administering to the subject fibroblast 
growth factors or a combination of growth factors 
Jeffers M; Shimkets R A; Prayaga S; Boldog F L; Yang M; 
Burgess C E; Fernandes E R; Rittman B; Shimkets J B; 
Larochelle W J; Lichenstein H S 
(CURA-N) CURAGEN CORP. 

WO 2002058716 A2 20020801 196p 
WO 2001-US43846 20011106 
US 2000-246206P 20001106 
Patent 



AN 
AA 

SQL 
SEQ 



ABB79643 
17 A; 33 
29 L; 20 
370 



English 

2002-599742 [64] 

Protein DGENE 

R; 22 N; 26 D; 0 B; 

K; 3 M; 15 F; 17 P; 



15 
30 



C; 
S; 



12 
22 



Q; 
T; 



23 
5 



E; 
W; 



0 

16 



Z; 
Y; 



15 G; 
21 V; 



9 H; 20 I; 
0 Others 



1 mhrlifvytl icanfcscrd tsatpqsasi kalrnanlrr desnhltdly 

51 rrdetiqvkg ngyvqsprfp nsyprnlllt wrlhsqentr iqlvfdnqfg 

101 leeaendicr ydfvevedis etstiirgrw cghkevppri ksrtnqikit 

151 fksddyfvak pgfkiyysll edfqpaaase tnwesvtssi sgvsynspsv 

201 tdptliadal dkkiaefdtv edllkyfnpe swqedlenmy ldtpryrgrs 

251 yhdrkskvdl drlnddakry sctprnysvn ireelklanv vffprcllvq 

301 rcggncgcgt vnwrsctcns gktvkkyhev lqfepghikr rgraktmalv 



351 diqldhherc dcicssrppr 
HITS AT: 2-4; 212-214; 268-270; 325-327 



L12 ANSWER 13 OF 69 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: ABB80921 Protein DGENE 

TITLE: Identifying agents for modulating (e.g. inhibiting) e.g. 

tumor establishment, growth or metastases, neuron 
growth, or wound healing by determining whether a test 
compound binds with a 22437 polypeptide (human sulfatase) - 

INVENTOR: Glucksmann M A; Rudolph-Owen L A 

PATENT ASSIGNEE: (MILL-N ) MILLENNIUM PHARM INC. 

PATENT INFO: WO 2002052019 A2 20020704 143p 

APPLICATION INFO: WO 2001-US30856 20011003 

PRIORITY INFO: US 2000-257082P 20001221 

DOCUMENT TYPE: Patent 

LANGUAGE: English 

OTHER SOURCE: 2002-566677 [60] 

AN ABB80921 Protein DGENE 

AA 36 A; 59 R; 48 N; 52 D; 0 B; 24 C; 38 Q; 40 E; 0 Z; 59 G; 35 H; 30 I; 
85 L; 68 K; 24 M; 31 F; 43 P; 54 S; 48 T; 15 W; 40 Y; 41 V; 0 Others 

SQL 
SEQ 



251 nyapnpdkhw imrytgpmkp ihmeftnmlq rkrlqtlmsv ddsmetiynm 



870 




1 


mgppsl vlcl 


51 


tddqdvelgs 


101 


vhnhntytnn 


151 


syvppgwkew 


201 


vsf f rtskkm 


251 


nyapnpdkhw 


301 


lvetgeldnt 


351 


eagclnphiv 


401 


lkkkmrvwrd 


451 


yqtaceqlgq 


501 


seactcdsgd 


551 


vglgdaaqpr 


601 


hrcyilendt 


651 


hlkkkrpeec 


701 


qkrkkklrkl 


751 


sannntywcm 


801 


dvlnqlhvql 



851 pemkrpssks lgqlwegweg 
HITS AT: 29-31; 68-70; 208-210; 258-260; 282-284; 403-405; 520-522; 525-527; 
565-567; 627-629; 663-665; 705-707; 708-710; 712-714; 848-850 



L25 ANSWER 19 OF 27 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 



ABB7904 9 peptide DGENE 

Diagnosing cancer and apoptotic disease from distribution of 
RadSl foci in cells - also detecting cells with mutant RadSl 
genes, screening for agents that bind RadSl and inducing 
apoptosis by increasing RadSl activity 
Haff T; Radding T; Reddy C; Guruward D 
(UYYA)UNIV YALE. 



WO 

WO 

us 
us 
us 



DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



AN 
AA 
0 

SQL 
SEQ 



ABB7904 9 
0 A; 2 



9834118 Al 

1998-US1825 
1997-35834P 

1997- 45668P 

1998- 7020 
Patent 
English 
1998-437609 

peptide 

0 



19980806 

19980130 
19970130 
19970506 
19980114 



73p 



R; 0 N; 



D; 



[37]< 
DGENE 
0 B; 



L; 
9 



K; 0 M; 0 F; 0 P; 0 



C; 0 Q; 3 E; 0 Z; 0 G; 0 H; 0 I; 
1 T; 0 W; 1 Y; 0 V; 0 Others 



1 eekrkrtye 



HITS AT: 5-7 



L25 ANSWER 20 OF 27 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 



ABB79047 peptide DGENE 

Diagnosing cancer and apoptotic disease from distribution of 
RadSl foci in cells - also detecting cells with mutant RadSl 
genes, screening for agents that bind RadSl and inducing 
apoptosis by increasing RadSl activity 
Haff T; Radding T; Reddy C; Guruward D 
(UYYA)UNIV YALE . 

73p 



WO 

WO 

us 
us 
us 



DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



AN 
AA 
0 

SQL 
SEQ 



ABB79047 
1 A; 4 



9834118 Al 

1998-US1825 
1997-35834P 

1997- 45668P 

1998- 7020 
Patent 
English 
1998-437609 

peptide 

0 



19980806 

19980130 
19970130 
19970506 
19980114 



R; 0 N; 



D; 



[37] 
DGENE 
0 B; 



L; 
6 



0 K; 0 M; 0 F; 1 P; 0 



C; 0 Q; 0 E; 0 Z; 0 G; 0 H; 0 I; 
0 T; 0 W; 0 Y; 0 V; 0 Others 



1 arrrrp 



HITS AT: 4-6 



L14 ANSWER 11 OF 59 DGENE (C) 2002 THOMSON DERWENT 
ACCESSION NUMBER: ABB7904 6 peptide DGENE 

Diagnosing cancer and apoptotic disease from distribution of 
RadSl foci in cells - also detecting cells with mutant RadSl 
genes, screening for agents that bind RadSl and inducing 
apoptosis by increasing RadSl activity 
Haff T; Radding T; Reddy C; Guruward D 
(UYYA)UNIV YALE. 

19980806 

19980130 
19970130 
19970506 
19980114 



TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
PRIORITY INFO: 



WO 

WO 
US 

us 
us 



DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



AN 
AA 
0 

SQL 
SEQ 



ABB79046 
0 A; 1 



9834118 Al 

1998-US1825 
1997-35834P 

1997- 45668P 

1998- 7020 
Patent 
English 
1998-437609 

peptide 

0 



73p 



[37] 
DGENE 



R; 0 N; 



D; 0 B; 0 C; 0 Q; 0 E; 0 Z; 0 G; 0 H; 0 I; 



L; 

7 



4 K; 0 M; 0 F; 1 P; 0 



0 T; 0 W; 0 Y; 1 V; 0 Others 



1 pkkkrkv 



HITS AT: 5-7 



/ 



L14 ANSWER 10 OF 59 DGENE (C) 2002 THOMSON DERWENT 



ACCESSION NUMBER: 
TITLE: 



INVENTOR: 
PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO: 
PRIORITY INFO: 



ABB79050 peptide DGENE 

Diagnosing cancer and apoptotic disease from distribution of 
RadSl foci in cells - also detecting cells with mutant RadSl 
genes, screening for agents that bind Rad51 and inducing 
apoptosis by increasing RadSl activity 
Haff T; Radding T; Reddy C; Guruward D 
(UYYA)UNIV YALE. 

73p 



DOCUMENT TYPE: 
LANGUAGE: 
OTHER SOURCE: 



AN 
AA 
1 

SQL 
SEQ 



ABB79050 
5 A; 1 



WO 9834118 Al 19980806 

WO 1998-US1825 19980130 
US 1997-35834P 19970130 
US 1997-45668P 19970506 
US 1998-7020 19980114 
Patent 
English 

1998-437609 [37] 
peptide DGENE 
R; 0 N; 1 D; 0 B; 



L; 

20 



K; 0 M; 0 F; 1 P; 0 



0 C; 1 Q; 0 E; 0 Z; 1 G; 0 H; 0 I; 
S; 1 T; 0 W; 0 Y; 1 V; 0 Others 



1 avkrpaatkk agqakkkkld 



HITS AT: 17-19 
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DIAGNOSTIC METHODS AND COMPOSITIONS BASED ON THE DISTRIBUTION OF RAD51 

This is a continuing application of 60/035,834, filed January 30, 1997 and 60/045,668, 
filed May 6, 1997, both of which are expressly incorporated by reference herein. 

5 FIELD OF THE INVENTION 

The invention relates to methods of diagnosis and screening utilizing Rad51 molecules. 

BACKGROUND OF THE INVENTION 

Homologous recombination is a fundamental process which is important for creating 
genetic diversity and for maintaining genome integrity. In E.coli RecA protein plays a 

10 central role in homologous genetic recombination in vivo and promotes homologous 
pairing of double-stranded DNA with single-stranded DNA or partially single-stranded 
DNA molecules in vitro. Radding, C. M. (1988). Homologous pairing and strand exchange 
promoted by Escherichia coli RecA protein. Genetic Recombination. Washington, 
American Society for Microbiology. 193-230; Radding, C. M. (1991). J. Biol. Chem. 266: 

15 5355-5358; Kowalczykowski, et al., (1994). Annu. Rev. Biochem. 63: 991-1043. In the 
yeast Saccharomyces cerevisiae there are several genes with homology to recA gene; 
Rad51, Rad57 and Dmcl. Rad51 is a member of the Rad52 epistasis group, which 
includes Rad50, Rad51, Rad52, Rad54, Rad55 and Rad57. These genes were initially 
identified as being defective in the repair of damaged DNA caused by ionizing radiation 

20 and were subsequently shown to be deficient in both genetic recombination and the 

recombinational repair of DNA lesions. Game, J. C. (1983). Yeast Genetics: Fundamental 

1 
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and applied aspects. J.F.T. Spencer, D.H. Spencer and A.R.W. Smith, eds 
(New- York:springer-verIag) : 1 09- 1 37; Haynes, et al., ( 1 98 1 ). The molecular biology of 
the yeast Saccharomyces cerevisiae: Life cycle and inheritance. J.N. Strathern, E. W. Jones 
and J.M. Broach, eds (Cold Spring harbor, New YorkrCold Spring Harbor laboratory 

5 press) : 371-414; Resnick, M. A. (1987). Meiosis, P.B. Moens, ed. (New York: Academic 
Press) : 157-210. During meiosis Rad51 mutants accumulate DNA double-strand breaks 
at recombination hot spots (Shinohara, et al., (1992). Cell 69: 457-470). Yeast rad51 gene 
was cloned and sequenced (Basile, et al., (1992). Mol. Cell. Biol. 12: 3235-3246; 
Aboussekhara, et al., (1992) Mol. Cell. Biol. 12: 3224-3234). Although yeast Rad51 gene 

1 0 shared homology with Kcoli recA gene, the extent of homology was not very strong 
(27%). However, the extent of structural conservation between RecA protein and Rad51 
protein became apparent when the yeast Rad5 1 protein was isolated and was shown to 
form nucleoprotein filaments that were almost identical to the nucleoprotein filaments 
formed by RecA protein (Ogawa, et al., (1993). CSH Symp. Quant. Biol. 58: 567-576; 

15 Ogawa, T., et al., (1993). Science 259: 1896-1899; Story, et al., (1993). Science 259: 
1892-1896). Recently genes homologous to Exoli recA and yeast rad51 were isolated 
from all groups of eukaryotes, including mammals (Morita, et al., (1993). Proc. Natl. 
Acad. Sci. USA 90, 6577-6580; Shinohara, et al., (1993). Nature Genet. 4 9 239-243; 
Heyer, W.D. (1994). Experientia 50, 223-233; Maeshima, et al., (1995). Gene 160: 

20 1 95-200). Phylogenetic analysis by Ogawa and co workers suggested the existence of two 
sub-families within eukaryotic RecA homologs: the Rad51-like (RadSl of human, mouse, 
chicken, S. cerevisiae, S. pombe and Mei3 of Neurospora crassa) and the Dmcl-like genes 
(S. cerevisiae Dmcl and Lilium longiflorum LIM15) (Ogawa, supra). All these RadSl 
genes share significant homology with residues 33-240 of the E.coli RecA protein, which 

25 have been identified as a 'homologous core 1 region. 

Yeast and human Rad51 proteins have been purified and characterized biochemically. Like 
Exoli RecA protein, yeast and human RadSl protein polymerizes on single-stranded DNA 
to form a right-handed helical nucleoprotein filament which extends DNA by 1.5 times 
(Story, supra; Benson, et al., (1994) EMBO J. 13, 5764-5771). Moreover like RecA 
30 protein RadSl protein promotes homologous pairing and strand exchange in an ATP 
dependent reaction (Sung, P. (1994). Science 265, 1241-1243; Sung, P. and D. L. 
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Robberson (1995). Cell 82: 453-461; Baumann, et al., (1996) Cell 57, 57-766; Gupta, et 
al., (1997) Proc. Natl. Acad. Sci. USA 94, 463-468). Surprisingly, polarity of strand 
exchange performed by Rad51 protein is opposite to that of RecA protein (Sung and 
Robberson supra) and the relevance of this observation remains to be seen. 

5 Surprisingly, studies with mouse models show that targeted disruption of the Rad5 1 gene 
leads to an embryonic lethal phenotype (Tsuzuki, et al., (1996). Peoc. Natl. Acad. Sci. 
USA 93: 6236-6240). Moreover attempts to generate homozygous radSl -/-embryonic stem 
cells have not been successful. These results show that Rad5 1 plays an essential role in 
cell proliferation, a surprise in view of the viability of S.cerevisiae carrying radSl 

1 0 deletions. It is also interesting to note that Rad5 1 was found to be associated with RN A 
polymerase II transcription complex (Maldonado, et al, (1996). Nature 381, 86-89), the 
specificity and functional nature of these interactions remains to be seen but all these 
observations point to a pleitropic role of hsRadSl in DNA metabolism. 

While RadSl transcripts and protein are present in all the cell types examined thus 
1 5 far, the highest transcript levels are found in tissues active in recombination, 
including spleen, thymus, ovary and testis (Morita, supra). RadSl is specifically 
induced in murine B cells cultured with lipopolysaccharide, which stimulates switch 
recombination and Rad51 localizes to nuclei of switching B cells (Li, et al., (1996). 
Proc. Natl. Acad. Sci. USA 93: 10222-10227). These findings are consistent with the 
20 view that RadSl plays an important role in lymphoid specific recombination events 
such as V(D)J recombination and immunoglobulin heavy chain class switching. In 
spermatocytes undergoing meiosis, RadSl is enriched in the synaptonemal 
complexes, which join paired homologous chromosomes (Haaf, et al., (1995) Proc. 
Natl. Acad. Sci. USA 02, 2298-2302; Ashley, et al., (1995) Chromosoma 104: 
25 19-28; Plug, et al., (1996). Proc. Natl. Acad. Sci. USA 93: 5920-5924). In cultured 
human cells, RadSl protein is detected in multiple discrete foci in the nucleoplasm 
of a few cells by immunofluorescent antibodies. After DNA damage, the 
localization of RadSl changes dramatically when multiple foci form in the nucleus 
and stain vividly with anti-Rad51 antibodies (Haaf, supra, 1995). After DNA 
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damage the percentage of cells with focally concentrated Rad51 protein increases; 
the same cells show unscheduled DNA-repair synthesis. 

Micronuclei (MN) originate from chromosomal material that is not incorporated into 
daughter nuclei during cell division. Different chemicals and treatment of cells 

5 induce qualitatively different types of micronuclei. MN caused by ionizing radiation 
or clastogens (i.e. 5-azacytidine) mostly contain acentric chromosome fragments 
(Verhaegen, F., and Vral, A. (1994). Radiation Res. 139, 208-213; Stopper, et ah, 
(1995). Carcinogenesis 16. 1647-1650). In contrast, MN induced by 
aneuploidogens (i.e. colcemid) result from lagging whole chromosomes and stain 

1 0 positively for the presence of kinetochores/ centromeres (Marrazini et al., 1994; 

Stopper, et al., (1994). Mutagenesis 9, 41 1-416). Determination of MN frequencies 
represents a good assay to measure genetic damage in cells, since it is much faster 
and simpler than karyotype analyses. In this light, the MN test has been widely used 
as a dosimeter of human exposure to radiation or clastogenic and aneugenic 

15 chemicals, and for the detection and risk assessment of environmental mutagens and 
carcinogens (Heddle, et al., (1991) Environmental MoL Mutagenesis 18, 277-291; 
Norppa, et al., (1993). Environmental Health Perspect. 101, Supp. 5, 139-143; 
Hahnfeldt, et al., (1994) Radiation Res. 138, 239-245). However, although the MN 
assay is a convenient in situ method to monitor cytogenetic effects, the 

20 understanding of the connection between initial DNA damage and formation of MN 
is still poor. 

The tumor suppressor p53 prevents tumor formation after DNA damage by halting 
cell cycle progression to allow DNA repair or by inducing apoptotic cell death. Loss 
of wild-type p53 function renders cells resistant to DNA damage induced cell cycle 

25 arrest and ultimately leads to genomic instabilities including gene amplifications, 
translocations and aneuploidy. Some of these chromosomal lesions are based on 
mechanisms that involve recombinational events (Lane, D. P. (1992). Nature 358: 
15-16; Lane, D. P. (1993). Nature 362: 786-787; Sturzbecher, et al., (1996). EMBO 
J. 15: 1992-2002) reported that wild-type tumor suppressor protein p53 interacts 

30 physically with human Rad5 1 protein and it inhibits the biochemical functions of 
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Rad51 like ATPase and strand exchange. In vivo temperature sensitive mutant p53 
formed complexes with Rad5 1 only in wild type but not in mutant conformation. 
They suggested that gene amplifications and other types of chromosome 
rearrangements involved in tumour progression might occur not only as a result of 
5 inappropriate cell proliferation but as a direct consequence of a defect in p53 
mediated control of homologous recombination processes due to mutations in the 
p53 gene. (Meyn, etal., (1994). Int. J. RadiaL Biol. 66: S141-S149) showed that 
normal cells transfected with a dominant-negative p53 mutant acquired interference 
with the Gl -S cell cycle checkpoint and showed up to an 80-fold elevation in 
1 0 RAD51 mediated homologous DNA recombination rates compared with the normal 
parental control cells. Thus, loss of normal p53 function may cause a loss in control 
of normal DNA repair, recombination, and ultimately replication, resulting in 
inappropriate cell division and neoplastic growth. Breast tumour cells have mutated 
p53 genes and proteins and have various types of chromosomal aberrations like 
1 5 insertions, deletions, rearrangements, amplifications etc., indicative of abnormally 
controlled recombination. 

Accordingly, it is an object of the invention to provides methods of diagnosis and 
screening which focus on Rad51. 



SUMMARY OF THE INVENTION 



20 In accordance with the objects outlined above, the present invention provides 

methods of diagnosing individuals at risk for a disease state which results in aberrant 
Rad51 loci. The methods comprise determining the distribution of Rad51 foci in a 
first tissue type of a first individual, and then comparing the distribution to the 
distribution of Rad51 foci from a second normal tissue type from the first individual 

25 or a second unaffected individual. A difference in the distributions indicates that the 
first individual is at risk for a disease state which results in aberrant Rad51 loci. 
Preferred disease states include cancer and disease states associated with apoptosis. 
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In an additional aspect, the present invention provides methods for identifying 
apoptotic cells and cells under stress associated with nucleic acid modification. The 
methods comprise determining the distribution of RadS 1 foci in a first cell, and 
comparing the distribution to the distribution of RadS 1 foci from a second non- 
5 apoptotic cell. A difference in the distributions indicates that the first cell is 
apoptotic or under stress. 

In a further aspect, the present invention provides methods for identifying a cell 
containing a mutant RadSl gene comprising determining the sequence of all or part 
of at least one of the endogenous RadSl genes. 

10 In an additional aspect, the invention provides methods of identifying the RadS 1 
genotype of an individual comprising determining all or part of the sequence of at 
least one RadS 1 gene of the individual. The method may include comparing the 
sequence of the RadSl gene to a known RadSl gene. 

In a further aspect, the present invention provides methods for screening for a 
1 5 bioactive agent capable of binding to RadS 1 . The methods comprise adding a 

candidate bioactive agent to a sample of RadSl, and determining the binding of the 
candidate agent to the RadS 1 . 

In an additional aspect, the invention provides methods for screening for a bioactive 
agent capable of modulating the activity of RadSl. The method comprises the steps 
20 of adding a candidate bioactive agent to a sample of RadS 1 , and determining an 

alteration in the biological activity of RadSl. The method may also comprise adding 
a candidate bioactive agent to a cell, and determining the effect on the formation or 
distribution of RadSl foci in the cell. 

In a further aspect, the invention provides methods of inducing apoptosis in a cell 
25 comprising increasing the activity of RadS 1 in the cell. This can be done by 

overexpressing an endogenous RadSl gene, or by administration of a gene encoding 
RadSl or the protein itself. 
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In an additional aspect, the present invention provides composition comprising a 
nucleic acid encoding a Rad5 1 protein, and a nucleic acid encoding a tumor 
suppressor protein. The tumor suppressor protein may be p53 or a BRCA protein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figure 1 is a digital image of photographs of cells that depict type I and type II 
RadSl foci, respectively. 

Figures 2A and 2B are digital images of photographs of two different breast cancer 
cells from a breast cancer cell line (BT20) that show RadSl foci. The staining is 
localized to the nucleus, and does not occur in either the cytoplasm or the nucleolus. 

10 Figures 3 A, 3B, 3C and 3D show dynamic changes in the higher-order nuclear 
organization of RadSl foci after DNA damage and cell-cycle arrest, (a-c) TGR-1 
fibroblasts were irradiated with a lethal dose (900 rad) of I37 Cs and then allowed to 
recover for various times. RadSl protein is stained (light), nuclei are counterstained 
with DAPL Three hours after irradiation (a), Rad51 foci are distributed throughout 

15 the entire nuclear volume. Many foci have a double-dot appearance. After 16 hrs 
(b), clusters of RadSl foci and linear higher-order structures are formed. Somatic 
pairing of linear strings of RadSl foci is observed. After 30 hrs (c), RadSl clusters 
move towards the nuclear periphery and are eliminated into micronuclei. (d) 
Simultaneous staining of RadSl protein (light) and replicating DNA (dark) in an 

20 exponentially growing, XPA fibroblast culture. BrdU was incorporated into DNA 
for 30 hrs and detected with red anti-BrdU antibody. Note that the RadSl-positive 
cell is devoid of BrdU label. Magnification lOOOx. 

Figure 4 depicts the exclusion of RadSl -protein in micronuclei after DNA damage. 
TGR-1 fibroblasts, two days after 137 Cs irradiation with a dose of 900 rad. RadSl 
25 protein is stained by (light), nuclei are counterstained with DAPI. Note the complete 
absence of RadSl-protein staining in nuclei. All RadSl foci are excluded into 



7 



WO 98/34118 



PCT/US98/01825 



micronucleL Most micronuclei exhibit paired RadSl-protein structures. 
Magnification lOOOx. 

Figures 5A, SB, 5C and 5D illustrates that apoptotic bodies (micronuclei) contain 
RadSl protein and fragmented DNA. (a and b) TGR-I nuclei, 3 hrs (right), 16 hrs 

5 (middle), and 30 hrs (left) after ,37 Cs irradiation. RadSl -protein foci show light 
staining. The repair proteins Rad52 (a) and Gadd45 (b) are detected by antibody 
probes (darker staining). Nuclei are counterstained with DAPI. Note that neither 
Rad52 nor Gadd45 foci co-localize with RadSl. Only the RadSl foci segregate into 
micronuclei. (c and d) Micronuclei induced by treatment of TGR-1 cultures with 

10 colcemid (c) and etoposide (d) contain RadSl protein (light staining, left nucleus) 
and fragmented DNA (darker staining, right nucleus). Magnification iOOOx. 

Figures 6A, 6B and 6C show the association of Rad51 protein with linear DNA 
molecules, (a) Mechanically stretched chromatin prepared from a l37 Cs-irradiated 
cell culture and stained with light anti-HsRadSl antibodies. The RadSl signals 

1 5 appear as beads-oh-a-string on the linearly extended chromatin fibers, (b and c) 
DNA fibers excluded from TGR-1 nuclei, one day after 137 Cs irradiation. 
Preparations are not experimentally stretched. Chromatin is counterstained with 
DAPI. The DNA fibers are covered with RadSl protein (c, light staining), whereas 
the remaining nuclei are devoid of detectable RadSl foci. DNA-strand breaks in 

20 chromatin fibers are end labeled with fluorescent nucleotides (c, darker staining co- 
localizing with the RadSl staining). Some fibers appear to form micronuclei. 
Magnification IOOOx. 

Figures 7 A, 7B, 7C, 7D, 7E and 7F show the linear higher-order structures of RadSl 
protein in overexpressing nuclei and in colcemid-induced micronuclei. RadSl 
25 protein is stained with anti-RadSl antiserum, detected by green FITC fluorescence 
(light staining). Preparations are counterstained with DAPI, except the nucleus in b. 
(a and b) Human 710 kidney cells overexpressing RadSl fused to a Tl-tag epitope. 
Nuclei are filled with a network of linear RadSl structures. Magnification IOOOx. (c) 
Subconfluent rat TGR 928. 1 -9 cells overexpressing HsRadS 1 . Nuclear staining is 
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most prominent in cells during G 0 and G, phase of the ceil cycle. Magnification 
1000x.(d)TGR 928.1-9 nucleus filled with linear Rad51 structures. Magnification 
lOOOx. (e and f) Linear RadSl structures in colcernid-induced micronuclei. TGR-1 
fibroblasts were treated with colcemid for one day and then allowed to recover for 
5 two days. Note the absence of RadSl staining in the nuclei. Magnification lOOOx. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a series of discoveries relating to the pivotal role 
that RadSl plays in a number of cellular functions, including those involved in 
disease states. Thus, it appears that the levels, function, and distribution of the 
1 0 Rad5 1 protein within cells may be monitored as a diagnostic tool of cellular health 
or fate. In addition, due to RadSTs essential role in a number of cellular processes, 
RadSl is an important target molecule to screen candidate drug agents which can 
modulate its biological activity. 

Accordingly, in a preferred embodiment, the invention provides methods of 
1 5 diagnosing individuals at risk for a disease state. As will be appreciated by those in 
the art. "at risk for a disease state" means either that an individual has the disease, or 
is at risk to develop the disease in the future. By "disease state" herein is meant a 
disease that is either caused by or results in aberrant RadSl distribution or biological 
activity. For example, as is more fully described below, aberrant distribution of 
20 RadS 1 foci in a cell can be indicative of cancer, apoptosis, cellular stress, etc., which 
can lead to the development of disease states. Similarly, disease states caused by or 
resulting in aberrant RadSl biological activity, including alterations caused by 
mutation, changes in the cellular amount or distribution of RadS 1 , and changes in the 
biological function of RadSl, for example altered nucleic acid binding, filament 
25 formation, DNA pairing (i.e. D-loop formation), strand-exchange, strand annealing 
or recombinagenicity, are also included within the definition of disease states which 
are related to or associated with RadS 1 . 
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Thus, disease states which may be evaluated using the methods of the present 
invention include, but are not limited to, cancer (including solid tumors such as skin, 
breast, brain, cervical carcinomas, testicular carcinomas, etc.), diseases associated 
with premature or incorrect apoptosis, including AIDS, cancers (e.g. melanoma, 

5 hepatoma, colon cancer, etc.), liver failure, Wilson disease, myelodysplastic 

syndromes, neurodegenerative diseases, multiple sclerosis, aplastic anemia, chronic 
neutropenia, Tupe I diabetes mellitus, Hashimoto thyroiditis, ulcerative colitis, 
Canale-Smith syndrome, lymphoma, leukemia, solid tumors, and autoimmune 
diseases), diseases associated with cellular stress which is affiliated with nucleic acid 

1 0 modification, including diseases associated with oxidative stress such as 

cardiovascular disease, immune system function decline, aging, brain dysfunction 
and cancer. 

In one embodiment, the method comprises first determining the distribution of 
Rad51 foci in a first tissue type of a first individual, i.e. the sample tissue for which a 

1 5 diagnosis is required. In some embodiments, the testing may be done on single 
cells. The first individual, or patient, is suspected of being at risk for the disease 
state, and is generally a human subject, although as will be appreciated by those in 
the art, the patient may be animal as well, for example in the development or 
evaluation of animal models of human disease. Thus other animals, including 

20 mammals such as rodents (including mice, rats, hamsters and guinea pigs), cats, 
dogs, rabbits, farm animals including cows, horses, goats, sheep, pigs, etc., and 
primates (including monkeys, chimpanzees, orangutans and gorillas) are included 
within the definition of patient. 

As will be appreciated by those in the art, the tissue type tested will depend on the 
25 disease state under consideration. Thus for example, potentially cancerous tissue 
may be tested, including breast tissue, skin cells, solid tumors, brain tissue, etc. 
Similarly, cells or tissues of the immune system, including blood, and lymphocytes; 
cells or tissues of the cardiovascular system (for example, for testing oxidative 
stress). 
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In a preferred embodiment, the disease state under consideration is cancer and the 
tissue sample is a potentially cancerous tissue type. Of particular interest is breast, 
skin, brain, colon, prostate, and other solid tumor cancers. As outlined in the 
Examples, cultured breast cancer cells and primary invasive breast cancer cells all 
5 demonstrate an increase in the presence of Rad5 1 foci. 

Similarly, several diseases caused by defective nucleotide excision repair (NER) 
systems, including Xeroderma pigmentosium, show increased RadSl foci. 

In a preferred embodiment, primary cancerous tissue is used, and may show 
differential Rad5 1 staining. While the number of cells exhibiting Rad5 1 foci may be 
1 0 less than for cell lines, primary cancerous tissue shows an increase in Rad5 1 foci. 
Thus for example, from 0.05 to 10% of primary cancerous cells exhibit differential 
RadSl foci, with from about 1 to about 5% being common. 

It should be noted that not all cancer cell lines exhibit aberrant Rad5 1 protein foci. 
For example, the ovarian cancer cell line Hey does not show an increase in RadSl 
1 5 foci. Similarly, as outlined in the examples, transformed but non-malignant human 
cells can show an increased percentage of RadSl -positive cells (compared to non- 
transformed cells) , although it is generally not as great as in tumor cells. 

In a preferred embodiment, the disease state under consideration involves apoptosis, 
and includes, but is not limited to, including AIDS, cancers (e.g. melanoma, 

20 hepatoma, colon cancer, etc.), liver failure, Wilson disease, myelodysplastic 

syndromes, neurodegenerative diseases, multiple sclerosis, aplasitic anemia, chronic 
neutropenia, Tupe I diabetes mellitus, Hashimoto thyroiditis, ulcerative colitis, 
Canale-Smith syndrome, lymphoma, leukemia, solid tumors, and autoimmune 
diseases. This list includes disease states that include too much as well as too little 

25 apoptosis. See Peter et al., PNAS USA 94:12736 (1997), hereby incorporated by 
reference. 
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In a preferred embodiment, the disease state under consideration involves cellular 
stress associated with nucleic acid modification, including aging, cardiovascular 
disease, declines in the function of the immune system, brain dysfunction, and 
cancer. 

5 The distribution of Rad5 1 foci is determined in the target cells or tissue. To date, 
two main types of Rad51 foci have been identified. As reported earlier (Haaf, 1995, 
supra) in situ immunostaining with Rad51 antibodies reveals three kinds of nuclei: 
1 ) nuclei that did not show any staining at all ( no foci); 2) nuclei that showed weak 
to medium staining and showed only a few foci (Type I nuclei); and 3) nuclei that 

10 showed strong staining and showed many foci (Type II nuclei). In general, the 
staining is excluded from the cytoplasm. Type I and Type II patterns of nuclei 
staining are shown in Figure 1; many of the foci have a double-dot appearance, 
typical of paired DNA segments. In normal cells, type I nuclei are found in 7-10% 
of cells and type II nuclei in less than 0.4 to 1% of cells, with generally about 90% 

15 of the cells showing no foci. In contrast, some cells involved in disease states show 
a marked increase in Rad51 foci. As outlined herein and shown in the examples, the 
numbers of cells showing Rad51 foci in cells associated with disease states is 
significantly increased. Thus, in a preferred embodiment, the number of cells 
showing type I nuclei is generally from about 5% to about 50% of the nuclei, with 

20 from about 10% to about 40% generally being seen. Thus, in a preferred 

embodiment, there is at least a 5% increase in the type I foci, with at least about 10 
% being preferred, and at least about 30% being particularly preferred. Generally, to 
see this effect, at least about 100 cells should be evaluated, with at least about 500 
cells being preferred, and at least about 1000 being particularly preferred. 

25 Similarly, the number of cells showing type II nuclei also increases, with from about 
1% to about 10% of the nucleic exhibiting type II foci and from about 1% to about 
5% being common. Thus, in a preferred embodiment, there is at least a 5% increase 
in type II foci, with at least about 10% being preferred, and at least about 30% being 
particularly preferred. In a preferred embodiment, both types of foci increase 

30 simultaneously. In alternate embodiments, only one type of foci increases. 
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Similarly, an increase in both types of foci (i.e. an increase in any foci, irrespective 
of type) can also be evaluated using the same numbers. 

The distribution of Rad5 1 foci can be determined in a variety of ways. In a preferred 
embodiment, a labeled binding agent that binds to Rad51 is used to visualize the 

5 foci. By "labeled" herein is meant that a compound has at least one element, 

isotope or chemical compound attached to enable the detection of the compound. In 
general, labels fall into three classes: a) isotopic labels, which may be radioactive or 
heavy isotopes; b) immune labels, which may be antibodies or antigens; and c) 
colored or fluorescent dyes. The labels may be incorporated into the compound at 

10 any position. Preferred labels are fluorescent or radioactive labels. The binding 
agent can either be labeled directly, or indirectly, through the use of a labeled 
secondary agent which will bind to the first binding agent. The cells or tissue 
sample is prepared as is known for cellular or in situ staining, using techniques well 
known in the art, as outlined in the Examples. 

15 In a preferred embodiment, the binding agent used to detect Rad5 1 foci is an 

antibody. The antibodies may be either polyclonal or monoclonal, with monoclonal 
antibodies being preferred. In general, it is preferred, but not required, that 
antibodies to the particular Rad5 1 under evaluation be used; that is, antibodies 
directed against human Rad51 are used in the evaluation of human patients. 

20 However, as the homology between different mammalian Rad5 1 molecules is quite 
high (73% identity as between human and chicken, for example), it is possible to use 
antibodies against Rad51 from one type of animal to evaluate a different animal 
(mouse antibodies to evaluate human tissue, etc.). Thus, in a preferred embodiment, 
antibodies raised against eukaryotic Rad51 are used, with antibodies raised against 

25 mammalian Rad51 being especially preferred. Thus, antibodies raised against yeast, 
human, rodent, primate, and avian Rad51 proteins are particularly preferred. In 
addition, as will be appreciated by those in the art, the protein used to generate the 
antibodies need not be the full-length protein; fragments and derivatives may be 
used, as long as there is sufficient immunoreactivity against the sample Rad51 to 
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allow detection. Alternatively, other binding agents which will bind to Rad5 1 at 
sufficient affinity to allow visualization can be used. 

Without being bound by theory, as outlined in the Examples, it does not appear that 
the quantitative amount of Rad51 protein is necessarily altered in cells exhibiting the 
5 presence or altered distribution of foci. However, in some circumstances the 
quantitative amount of Rad51 may be measured and correlated to the presence or 
absence of Rad51 foci. 

In addition, the appearance of the foci may be used in the determination of the 
presence of aberrant Rad5 1 foci. As noted in the Examples, in some cases linear 
1 0 "strings" of 5-1 0 Rad5 1 foci are formed, with somatic association of "homologous" 
strings of similar length, tightly paired at one of the ends. These structures are 
generally associated with DNA fibers, as is shown in the Figures. Thus, the 
formation of these types of structures can be indicative of aberrant Rad5 1 foci. 

Furthermore, in a preferred embodiment, particularly in disease states involving 
1 5 apoptosis and DNA damage, aberrant Rad51 foci includes the development of 

micronuclei containing Rad51. As shown in the Examples, evaluation of Rad51 foci 
over time, in particular after cellular stress, can lead to the concentration and 
exclusion of the Rad51 foci (which are associated with DNA) into micronuclei, 
which frequently is accompanied by genome fragmentation. This effect is seen in a 
20 wide variety of apoptotic cells, as is shown in the Examples, even in the absence of 
induced DNA damage, such as through the use of colcemid, a spindle poison, thus 
indicating the role of Rad51 in normal apoptotic pathways. 

In addition to the evaluation of the presence or absence of Rad51 foci, the cells may 
be evaluated for cell cycle arrest, as is outlined in the Examples. 

25 Once the distribution of Rad5 1 foci has been determined for the target sample, the 
distribution of foci is compared to the distribution of Rad51 foci from a second cell 
or tissue type. As will be appreciated by those in the art, the second tissue sample 
can be from a normal cell or tissue from the original patient or a tissue from another, 
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unaffected individual, which has been matched for correlation purposes. A 
difference in the distribution of Rad51 foci as between the first tissue sample and the 
second matched sample indicates that the first individual is at risk for a disease state 
which results in aberrant Rad51 loci. 

5 In a preferred embodiment, the difference in Rad51 foci distribution is an increase in 
Rad5l foci, of either type 1 or type 2 foci, as outlined above. In an alternate 
embodiment, the difference in Rad51 foci distribution is a decrease in the number of 
Rad51 foci. 

In some embodiments, there need not be a direct comparison. For example, having 
1 0 once shown that a particular normal tissue only contains a small percentage of 
Rad51 foci, the tissue or cells under evaluation may not need to be compared to a 
control sample; the presence of a higher percentage allows the diagnosis. Thus, for 
example, in breast cancer, the presence of at least 1% of the cells containing Rad51 
foci is indicative that the patient is at risk for breast cancer or in fact already has it. 



15 In a preferred embodiment, a difference in the distribution of Rad5 1 foci, in 
particular an increase in Rad51 foci, indicates that the cell or tissue is cancerous. 

In a preferred embodiment, a difference in the distribution of Rad5 1 foci, in 
particular an increase in Rad51 foci, indicates that the cell or tissue is apoptotic. 
These differences can include the association of Rad51 with DNA fibers, the 
20 association of Rad51 with damaged DNA in micronuclei, or the presence of Rad5 1 
in micronuclei. 

In addition, in a preferred embodiment, the extent of aberrant distribution indicates 
the severity of the disease state. Thus, for example, high percentages of cells 
containing Rad51 foci can be indicative of highly malignant cancer. 

25 In addition to the evaluation of Rad5 1 foci, the presence or absence of variant 

(mutant) Rad5 1 genes may also be used in diagnosis of disease states. Mutant forr 
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of p53 have been found in roughly 50% of known cancers, and it is known that 
Rad51 and p53 can interact on a protein level. In addition, p53 and RadSl have 
somewhat similar biochemical functions. Thus, the present discovery that RadSl 
plays a pivotal role in some cancers and apoptosis thus suggests that variant RadSl, 
5 or incorrectly controlled RadSl levels or functions may be important in some disease 
states. 

Accordingly, in a preferred embodiment, the present invention provides methods for 
identifying a cell containing a mutant RadSl gene comprising determining the 
sequence of all or part of at least one of the endogenous RadSl genes. By "variant 

1 0 Rad5 1 gene" herein is meant any number of mutations which could result in aberrant 
RadSl function or levels. Thus, for example, mutations which alter the biochemical 
function of the RadSl protein, alter its half-life and thus its steady-state cellular 
level, or alter its regulatory sequences to cause an alteration in it's steady-state 
cellular level may all be detected. This is generally done using techniques well 

1 5 known in the art, including, but not limited to, standard sequencing techniques 
including sequencing by PCR, sequencing-by-hybridization, etc. 

Similarly, in a preferred embodiment, the present invention provides methods of 
identifying the RadSl genotype of an individual or patient comprising determining 
all or part of the sequence of at least one RadSl gene of the individual. This is 
20 generally done in at least one tissue of the individual, and may include the evaluation 
of a number of tissues or different samples of the same tissue. For example, 
putatively cancerous tissue of an individual is the preferred sample. 

The sequence of all or part of the RadSl gene can then be compared to the sequence 
of a known RadS 1 gene to determine if any differences exist. This can be done 
25 using any number of known homology programs, such as Bestfit, etc. 

In a preferred embodiment, the presence of a difference in the sequence between the 
RadSl gene of the patient and the known RadSl gene is indicative of a disease state 
or a propensity for a disease state. 
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The present discovery relating to the role of Rad51 in cancer and apoptosis thus 
provide methods for inducing apoptosis in ceils. In a preferred embodiment, the 
methods comprise increasing the activity of Rad5 1 in the cells. By "biological 
activity" of Rad51 herein is meant one of the biological activities of Rad51, 

5 including, but not limited to, the known Rad51 DNA dependent ATPase activity, the 
nucleic acid strand exchange activity, the formation of foci, single-stranded and 
double-stranded binding activities, filament formation (similar to the rec A filament 
of yeast), pairing activity (D-loop formation), etc. See Gupta et al., supra, and 
Bauman et al., supra, both of which are expressly incorporated by reference herein. 

1 0 As will be appreciated by those in the art. this may be accomplished in any number 
of ways. In a preferred embodiment, the activity of Rad5 1 is increased by increasing 
the amount of Rad51 in the cell, for example by overexpressing the endogenous 
Rad51 or by administering a gene encoding Rad51, using known gene-therapy 
techniques, for example. In a preferred embodiment, the gene therapy techniques 

1 5 include the incorporation of the exogenous gene using enhanced homologous 
recombination (EHR), for example as described in PCT/US93/03868, hereby 
incorporated by reference in its entirety. 

In a preferred embodiment, the cells which are to have apoptosis induced are cancer 
cells, including, but not limited to, breast, skin, brain, colon, prostate, testicular, 
20 ovarian, etc. cancer cells, and other solid tumor cells. 

In a preferred embodiment, the methods may also comprise subjecting the cells to 
conditions which induce nucleic acid damage, as this appears to provide a 
synergistic effect, as outlined above. 

In a preferred embodiment, the methods further comprise increasing the activity of 
25 p53 in the cell, for example by increasing the amount of p53, as outlined above for 
Rad51. 

The present discoveries relating to the pivotal role of Rad5 1 in a number of 
important cellular processes and disease states also makes Rad5 1 an important target 
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in drug screening. Thus, in a preferred embodiment, the present invention provides 
methods for screening for a bioactive agent which may bind to RadS 1 and modulate 
its activity. 

In a preferred embodiment, the methods are used to screen candidate bioactive 
5 agents for the ability to bind to Rad5 1 . In this embodiment, the methods comprise 
adding a candidate bioactive agent to a sample of RadS 1 and determining the 
binding of the candidate agent to the RadS 1 . By "candidate bioactive agent" or 
"candidate drugs" or grammatical equivalents herein is meant any molecule, e.g. 
proteins (which herein includes proteins, polypeptides, and peptides), small organic 
10 or inorganic molecules, polysaccharides, polynucleotides, etc., which are to be tested 
for the capacity to bind and/or modulate the activity of RadS 1 . Candidate agents 
encompass numerous chemical classes. In a preferred embodiment, the candidate 
agents are organic molecules, particularly small organic molecules, comprising 
functional groups necessary for structural interaction with proteins, particularly 
1 5 hydrogen bonding, and typically include at least an amine, carbony 1, hydroxy 1 or 
carboxyl group, preferably at least two of the functional chemical groups. The 
candidate agents often comprise cyclical carbon or heterocyclic structures and/or 
aromatic or polyaromatic structures substituted with one or more chemical 
functional groups. 

20 Candidate agents are obtained from a wide variety of sources, as will be appreciated 
by those in the art, including libraries of synthetic or natural compounds. Any 
number of techniques are available for the random and directed synthesis of a wide 
variety of organic compounds and biomolecules, including expression of 
randomized oligonucleotides. Alternatively, libraries of natural compounds in the 

25 form of bacterial, fungal, plant and animal extracts are available or readily produced. 
Additionally, natural or synthetically produced libraries and compounds are readily 
modified through conventional chemical, physical and biochemical means. Known 
pharmacological agents may be subjected to directed or random chemical 
modifications to produce structural analogs. 



18 



WO 98/34118 



PCT/US98/01825 



In a preferred embodiment, candidate bioactive agents include proteins, nucleic 
acids, and organic moieties. 

In a preferred embodiment, the candidate bioactive agents are proteins. By "protein" 
herein is meant at least two covalently attached amino acids, which includes 

5 proteins, polypeptides, oligopeptides and peptides. The protein may be made up of 
naturally occurring amino acids and peptide bonds, or synthetic peptidomimetic 
structures. Thus "amino acid", or "peptide residue", as used herein means both 
naturally occurring and synthetic amino acids. For example, homo-phenylalanine, 
citrulline and noreleucine are considered amino acids for the purposes of the 

10 invention. "Amino acid" also includes imino acid residues such as proline and 
hydroxyproline. The side chains may be in either the (R) or the (S) configuration. 
In the preferred embodiment, the amino acids are in the (S) or L-configuration. If 
non-naturally occurring side chains are used, non-amino acid substituents may be 
used, for example to prevent or retard in vivo degradations. 

15 In a preferred embodiment, the candidate bioactive agents are naturally occurring 
proteins or fragments of naturally occuring proteins. Thus, for example, cellular 
extracts containing proteins, or random or directed digests of proteinaceous cellular 
extracts, may be used. In this way libraries of procaryotic and eukaryotic proteins 
may be made for screening against Rad51. Particularly preferred in this embodiment 

20 are libraries of bacterial, fungal, viral, and mammalian proteins, with the latter being 
preferred, and human proteins being especially preferred. 

In a preferred embodiment, the candidate bioactive agents are peptides of from about 
5 to about 30 amino acids, with from about 5 to about 20 amino acids being 
preferred, and from about 7 to about 15 being particularly preferred. The peptides 
25 may be digests of naturally occuring proteins as is outlined above, random peptides, 
or "biased" random peptides. By "randomized" or grammatical equivalents herein is 
meant that each nucleic acid and peptide consists of essentially random nucleotides 
and amino acids, respectively. Since generally these random peptides (or nucleic 
acids, discussed below) are chemically synthesized, they may incorporate any 
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nucleotide or amino acid at any position. The synthetic process can be designed to 
generate randomized proteins or nucleic acids, to allow the formation of all or most 
of the possible combinations over the length of the sequence, thus forming a library 
of randomized candidate bioactive proteinaceous agents. 

5 In one embodiment, the library is fully randomized, with no sequence preferences or 
constants at any position. In a preferred embodiment, the library is biased. That is, 
some positions within the sequence are either held constant, or are selected from a 
limited number of possibilities. For example, in a preferred embodiment, the 
nucleotides or amino acid residues are randomized within a defined class, for 

10 example, of hydrophobic amino acids, hydrophilic residues, sterically biased (either 
small or large) residues, towards the creation of cysteines, for cross-linking, prolines 
for SH-3 domains, serines, threonines, tyrosines or histidines for phosphorylation 
sites, etc., or to purines, etc. 

In a preferred embodiment, the candidate bioactive agents are nucleic acids. By 

1 5 "nucleic acid'' or "oligonucleotide" or grammatical equivalents herein means at least 
two nucleotides covalently linked together. A nucleic acid of the present invention 
will generally contain phosphodiester bonds, although in some cases, as outlined 
below, nucleic acid analogs are included that may have alternate backbones, 
comprising, for example, phosphoramide (Beaucage et al., Tetrahedron 49(10): 1925 

20 (1993) and references therein; Letsinger, J. Org. Chem. 35:3800 (1970); Sprinzl et 
al., Eur. J. Biochem. 81 :579 (1977); Letsinger et al., Nucl. Acids Res. 14:3487 
(1986); Sawai et al, Chem. Lett. 805 (1984), Letsinger et al., J. Am. Chem. Soc. 
1 10:4470 (1988); and Pauwels et al., Chemica Scripta 26:141 91986)), 
phosphorothioate (Mag et al., Nucleic Acids Res. 19:1437 (1991); and U.S. Patent 

25 No. 5,644,048), phosphorodithioate (Briu et al., J. Am. Chem. Soc. 1 1 1 :2321 (1989), 
O-methylphophoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: 
A Practical Approach, Oxford University Press), and peptide nucleic acid backbones 
and linkages (see Egholm, J. Am. Chem. Soc. 1 14:1895 (1992); Meier et al., Chem. 
Int. Ed. Engl. 31:1008 (1992); Nielsen, Nature, 365:566 (1993); Carlsson et al., 

30 Nature 380:207 (1996), all of which are incorporated by reference). Other analog 
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nucleic acids include those with positive backbones (Denpcy et aL, Proc. Natl. Acad. 
Sci. USA 92:6097 (1995); non-ionic backbones (U.S. Patent Nos. 5,386,023, 
5,637,684, 5,602,240, 5,216,141 and 4,469,863; Kiedrowshi et al., Angew. Chem. 
Intl. Ed. English 30:423 (1991); Letsinger et al., J. Am. Chem. Soc. 1 10:4470 
5 (1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 (1994); Chapters 2 and 3, 
ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research", 
Ed. Y.S. Sanghui and P. Dan Cook; Mesmaeker et al., Bioorganic & Medicinal 
Chem. Lett. 4:395 (1994); Jeffs et al., J. Biomolecular NMR 34:17 (1994); 
Tetrahedron Lett. 37:743 (1996)) and non-ribose backbones, including those 
10 described in U.S. Patent Nos. 5,235,033 and 5,034,506, and Chapters 6 and 7, ASC 
Symposium Series 580, "Carbohydrate Modifications in Antisense Research", Ed. 
Y.S. Sanghui and P. Dan Cook. Nucleic acids containing one or more carbocyclic 
sugars are also included within the definition of nucleic acids (see Jenkins et al., 
Chem. Soc. Rev. (1995) pp 169- 176). Several nucleic acid analogs are described in 
1 5 Rawls, C&E News June 2, 1 997 page 35. All of these references are hereby 
expressly incorporated by reference. These modifications of the ribose-phosphate 
backbone may be done to facilitate the addition of additional moieties such as labels, 
or to increase the stability and half-life of such molecules in physiological 
environments. In addition, mixtures of naturally occurring nucleic acids and analogs 
20 can be made. Alternatively, mixtures of different nucleic acid analogs, and mixtures 
of naturally occuring nucleic acids and analogs may be made. The nucleic acids 
may be single stranded or double stranded, as specified, or contain portions of both 
double stranded or single stranded sequence. The nucleic acid may be DNA, both 
genomic and cDNA, RN A or a hybrid, where the nucleic acid contains any 
25 combination of deoxyribo- and ribo-nucleotides, and any combination of bases, 
including uracil, adenine, thymine, cytosine, guanine, inosine, xathanine 
hypoxathanine, isocytosine, isoguanine, etc. 

As described above generally for proteins, nucleic acid candidate bioactive agents 
may be naturally occuring nucleic acids, random nucleic acids, or "biased" random 
30 nucleic acids. For example, digests of procaryotic or eucaryotic genomes may be 
used as is outlined above for proteins. 
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In a preferred embodiment, the candidate bioactive agents are organic chemical 
moieties, a wide variety of which are available in the literature. 

The candidate agents are added to a sample of RadSl protein. As is outlined above, 
all or part of a full-length RadS 1 protein can be used, or derivatives thereof. 
5 Generally, the addition is done under conditions which will allow the binding of 
candidate agents to the RadSl protein, with physiological conditions being preferred. 

The binding of the candidate agent to the RadSl sample is determined. As will be 
appreciated by those in the art, this may be done using any number of techniques. 

In one embodiment, the candidate bioactive agent is labelled, and binding 
1 0 determined directly. 

Where the screening assay is a binding assay, one or more of the molecules may be 
joined to a label, where the label can directly or indirectly provide a detectable 
signal. Various labels include radioisotopes, fluorescent molecules, enzyme 
reporters, colorimetric reporters, chemiluminescers, specific binding molecules, 
15 particles, e.g. magnetic or gold particles, and the like. Specific binding molecules 
include pairs, such as biotin and streptavidin, digoxygenin and antidigoxygenin etc. 
For the specific binding members, the complementary member would normally be 
labeled with a molecule which provides for detection, in accordance with known 
procedures. 

20 In some embodiments, only one of the components is labeled. For example, the 
RadSl may be labeled at tyrosine positions using ,25 I. Alternatively, more than one 
component may be labeled with different labels; using l25 I for the RadSl, for 
example, and a fluorophor for the candidate agents. 

In a preferred embodiment, the binding of the candidate bioactive agent is 
25 determined directly. For example, the RadS 1 may be attached to a solid support 
such as a microtiter plate or other solid support surfaces, and labelled candidate 
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agents added under conditions which favor binding of candidate agents to the RadSl 
protein. Incubations may be performed at any temperature which facilitates optimal 
activity, typically between 4 and 40°C. Incubation periods are selected for optimum 
activity, but may also be optimized to facilitate rapid high through put screening. 
5 Typically between 0.1 and 1 hour will be sufficient. Excess reagents are washed off, 
the system is evaluated for the presence of the label, which is indicative of an agent 
which will bind to the Rad51 . The agent which binds can then be characterized or 
identified as needed. 

In a preferred embodiment, the binding of the candidate bioactive agent is 
10 determined through the use of competitive binding assays. In this embodiment, the 
competitor is can be any molecule known to bind to RadSl, for example an antibody 
to Rad5 1 , or one of the proteins known to interact with Rad5 1 , including Rad52, 
Rad54, RadSS, DMC 1, BRCA1, BRCA2, p53, UBC9, RNA polymerase II, and 
Rad5 1 itself, any or all of which may be used in competitive assays. Either the 
1 5 candidate agents or the competitor may be labeled, or both may be labeled with 
different labels. In this embodiment, either the candidate bioactive agent, or the 
competitor, is added first to the RadSl sample for a time sufficient to allow binding, 
if present, as outlined above. Excess reagent is generally removed or washed away. 
The second component is then added, and the presence or absence of the labeled 
20 component is followed, to indicate binding. 

In a preferred embodiment, methods for screening for a bioactive agent capable of 
modulating the activity of RadSl comprise the steps of adding a candidate bioactive 
agent to a sample of RadSl, as above, and determining an alteration in the biological 
activity of RadSl. "Modulating the activity of RadSl" includes an increase in 
25 activity, a decrease in activity, or a change in the type or kind of activity present. 
Thus, in this embodiment, the candidate agent should both bind to RadSl (although 
this may not be necessary), and alter its biological or biochemical activity as defined 
above. 
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Thus, in this embodiment, the methods comprise combining a RadSl sample and a 
candidate bioactive agent, and testing the RadSl biological activity as is known in 
the art to evaluate the effect of the agent on the activity of RadSl . 

In a preferred embodiment, the methods include both in vitro screening methods, as 

5 are generally outlined above, and in vivo screening of cells for alterations in the 
presence, distribution or activity of RadS 1 . Accordingly, in a preferred embodiment, 
the methods comprise the steps of adding a candidate bioactive agent to a cell, and 
determining the effect on the formation or distribution of RadSl foci in the cell. The 
addition of the candidate agent to a cell will be done as is known in the art, and may 

1 0 include the use of nuclear localization signal (NLS). NLSs are generally short, 
positively charged (basic) domains that serve to direct the entire protein in which 
they occur to the cell's nucleus. Numerous NLS amino acid sequences have been 
reported including single basic NLS's such as that of the SV40 (monkey virus) large 
T Antigen (Pro Lys Lys Lys Arg Lys Val), Kalderon (1984), et al., Cell, 39:499-509; 

1 5 the human retinoic acid receptor-B nuclear localization signal (ARRRRP); NFkB 
p50 (EEVQRKRQKL; Ghosh et al., Cell 62:1019 (1990); NFkB p65 
(EEKRKRTYE; Nolan et al., Cell 64:961 (1991); and others (see for example 
Boulikas, J. Cell. Biochem. 55(I):32-58 (1994), hereby incorporated by reference) 
and double basic NLS's exemplified by that of the Xenopus (African clawed toad) 

20 protein, nucleoplasmin (Ala Val Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gin Ala 
Lys Lys Lys Lys Leu Asp), Dingwall, et ah, Cell, 30:449-458, 1982 and Dingwall, 
et al., J. Cell Biol, 107:641-849; 1988). Numerous localization studies have 
demonstrated that NLSs incorporated in synthetic peptides or grafted onto reporter 
proteins not normally targeted to the cell nucleus cause these peptides and reporter 

25 proteins to be concentrated in the nucleus. See, for example, Dingwall, and Laskey, 
Ann, Rev. Cell Biol., 2:367-390, 1986; Bonnerot, et al., Proc. Natl. Acad. Sci. USA, 
84:6795-6799, 1987; Galileo, et al., Proc. Natl. Acad. Sci. USA, 87:458-462, 1990. 
In general, the RadSl foci will be evaluated as is generally discussed above. 

In a preferred embodiment, the methods comprise adding a candidate bioactive agent 
30 to a cell, and determining the effect on double strand break repair, homologous 
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recombination, sensitivity to ionizing radiation, and class switch recombination. 
Assays are detailed in Park, J. Biol. Chem. 270(26):15467 (1995) and Li et al., 
PNAS USA 93:10222 (1996), Shinohara et al., supra, 1992, all of which are hereby 
incorporated by reference. 

5 In a preferred embodiment, the cells to which candidate agents are added are 

subjected to conditions which induce nucleic acid damage, including the addition of 
radioisotopes (I 125 , Tc, etc., including ionizing radiation and uv), chemicals (Fe- 
EDTA, bis(l,10-phenanthroline), etc.), enzymes (nucleases, etc.). 

a variety of other reagents may be included in the screening assays or kits, below. 

10 These include reagents like salts, neutral proteins, e.g. albumin, detergents, etc 
which may be used to facilitate optimal protein-protein binding and/or reduce 
non-specific or background interactions. Also reagents that otherwise improve the 
efficiency of the assay, such as protease inhibitors, nuclease inhibitors, 
anti-microbial agents, etc., may be used. In general, the mixture of components may 

1 5 be added in any order that provides for the requisite binding. 

Once identified, the compounds having the desired pharmacological activity may be 
administered in a physiologically acceptable carrier to a host, as previously 
described. The inhibitory agents may be administered in a variety of ways, orally, 
parenterally e.g., subcutaneously, intraperitoneally, intravascularly, etc. Depending 
20 upon the manner of introduction, the compounds may be formulated in a variety of 
ways. The concentration of therapeutically active compound in the formulation may 
vary from about 0.1-100 wt%. 

The pharmaceutical compositions can be prepared in various forms, such as 
granules, aerosols, tablets, pills, suppositories, capsules, suspensions, salves, lotions 
25 and the like. Pharmaceutical grade organic or inorganic carriers and/or diluents 

suitable for oral and topical use can be used to make up compositions containing the 
therapeutically-active compounds. Diluents known to the art include aqueous 
media, vegetable and animal oils and fats. Stabilizing agents, wetting and 
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emulsifying agents, salts for varying the osmotic pressure or buffers for securing an 
adequate P H value, and skin penetration enhancers can be used as auxiliary agents. 

In a preferred embodiment, kits are provided. The kits can be utilized in a variety of 
applications, including determining the distribution of Rad51 foci, diagnosing an 

5 individual at risk for a disease state, including cancer, diseases associated with 
apoptosis, and diseases associated with stress (including oxidative stress, hypoxic 
stress, osmotic stress or shock, heat or cold stress or shock). The kits include a 
Rad51 binding agent, that will bind to the Rad51 with sufficient affinity for assay. 
Antibodies are preferred binding agents. The kits further include a detectable label 

10 such as is outlined above. In one embodiment, the Rad51 binding agent is labeled; 
in an additional embodiment, a secondary binding agent or label is used. Thus for 
example, the binding agent may include biotin, and the secondary agent can include 
streptavidin and a fluorescent label. Additional reagents such as outlined above can 
also be included. Furthermore, the kit may include packaging and instructions, as 

15 required. 

The identification of the crucial role of Rad51 in a number of cellular processes and 
disease states also identifies a number of methods and compositions relating to 
combinations of Rad51 and other tumor suppressor genes. Thus, Rad51 may 
function interactively with a number of tumor suppressor genes and thus 
20 compositions comprising combinations of these genes may be useful in methods of 
gene therapy treatment and diagnosis. 

Accordingly, in a preferred embodiment, compositions comprising a nucleic acid 
encoding a Rad51 protein and at least one nucleic acid encoding a tumor suppressor 
gene are provided. Suitable tumor suppressor genes include, but are not limited to, 
25 p53, and the BRCA genes, including BRCA1 and BRCA2 genes. Thus, preferred 
embodiments include compositions of nucleic acids encoding a) a Rad51 gene and a 
p53 gene; b) a Rad51 gene and a BRCA1 gene; c) a Rad5 1 gene and a BRCA2 gene; 
d) a Rad5 1 gene, a p53 gene, and a BRCA gene; and e), a Rad5 1 gene, a p53 gene, a 
BRCA1 gene and a BRCA2 gene. 
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In an additional embodiment, the compositions comprise recombinant proteins. By 
"recombinant" herein is meant a protein made using recombinant techniques, i.e. 
through the expression of a recombinant nucleic acid as depicted above, a 
recombinant protein is distinguished from naturally occurring protein by at least one 

5 or more characteristics. For example, the protein may be isolated or purified away 
from some or all of the proteins and compounds with which it is normally associated 
in its wild type host, and thus may be substantially pure. For example, an isolated 
protein is unaccompanied by at least some of the material with which it is normally 
associated in its natural state, preferably constituting at least about 0.5%, more 

1 0 preferably at least about 5% by weight of the total protein in a given sample, a 
substantially pure protein comprises at least about 75% by weight of the total 
protein, with at least about 80% being preferred, and at least about 90% being 
particularly preferred. The definition includes the production of a protein from one 
organism in a different organism or host cell. Alternatively, the protein may be 

1 5 made at a significantly higher concentration than is normally seen, through the use 
of a inducible promoter or high expression promoter, such that the protein is made at 
increased concentration levels. Alternatively, the protein may be in a form not 
normally found in nature, as in the addition of an epitope tag or amino acid 
substitutions, insertions and deletions, as discussed below. 

20 In a preferred embodiment, these compositions can be administered to a cell or 
patient, as is outlined above and generally known in the art for gene therapy 
applications. 

The following examples serve to more fully describe the manner of using the above- 
described invention, as well as to set forth the best modes contemplated for carrying 
25 out various aspects of the invention. It is understood that these examples in no way 
serve to limit the true scope of this invention, but rather are presented for illustrative 
purposes. All references cited herein are specifically incorporated by reference. 
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EXAMPLES 
Example 1 

Immunofluorescent Staining of Human Breast Cancer Cells 

Breast tumour cells have mutated p53 and have various types of chromosomal 
5 aberrations like insertions, deletions, rearrangements, amplifications etc. 

Recombination proteins such as RadSl could evidently participate in such processes. 
In order to better understand the role of uncontrolled recombination and its role in 
tumour formation and progression, the status of RadSl protein in breast tumour cells 
by staining them with anti RadSl antibodies was done. 

10 Detailed methods of cloning and expression of HsRadS 1 gene in ExolU purification 
of recombinant HsRadSl protein with six histidine residues at it f s aminoterminal end 
and preparation of ployclonal antibodies against HsRadSl protein were described 
previously by Haaf, Golub et al. 1995, supra, which is expressly incorporated herein 
by reference. 

IS Immunofluorescent staining with anti-Rad51 protein antibodies. Monolayer 
cultures of different cell substrates (see table 1) were grown in Dulbecco's MEM 
medium supplemented with 10% fetal bovine serum and antibiotics. The cells were 
detached from culture flasks by gentle trypsinization, pelleted and resuspended in 
phosphate buffered saline (PBS; 136 mMNaCl, 2 mM KC1, 10.6 mM Na 2 HP0 4 , 1.5 

20 mM KH 2 P0 4 [pH 7.3]) prewarmed at 37°C. For immunofluorescence staining 
standard protocols were used (Haaf 1995, supra). Cultured cells were washed and 
resuspended in PBS. The density of somatic cells was adjusted to about 10 5 cells per 
ml in PBS. Aliquots (0.5 ml) of the cell suspension were centrifuged onto clean glass 
slides at 800 rpm for 4 min, in a Cytospin (Shandon. Pittsburg). Immediately after 

25 cytocentrifugation, the slides were fixed in -20 °C methanol for 30 min and then 
immersed in ice-cold acetone for a few seconds to permealize the cells for antibody 
staining. Following three washes with PBS, the preparations were incubated at 37°C 
with rabbit anti-HsRad51 antiserum, diluted 1 :50 with PBS containing 0.5% bovine 
serum albumin, in a humidified incubator for 30 min. The slides were washed three 
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times for 10 min each and then incubated for 30 min with fluorescein-isothiocyanate 
(FITC)- conjugated anti-rabbit IgG diluted 1 :20 with PBS. After three washes with 
PBS, the preparations were counterstained with 4\6-diamidino-2- phenylindole 
(DAPI; 0.1 ug/ml for 1 min) and mounted in antifade {90% (vol/vol) glycerol/0.1 m 
5 tris-HCl pH 8.0)/2.3% 1 ,4-diazabicyclo[2.2.2]octane (DABCO)}. 

Digital Imaging Microscopy. Images were taken with a Zeiss epifluorescence 
microscope with a thermo-electronically cooled charge coupled device (CCD) 
camera (model PM512; Photometries, Tucson, AZ) which was controlled by an 
Apple Macintosh computer. Grey scale source images were captured separately with 
1 0 filter sets for fluorescein and DAPI. Gray scale source images were pseudocolored 
and merged using ONCOR Image and ADOBE Photoshop software. It is worth 
emphasizing that although a CCD imaging system was used, all antibody signals 
were clearly visible by eye through the microscope. 

To study the possible involvement of Rad51 in tumorigenesis we compared the the 
1 5 in situ localization of of Rad5 1 protein homologs in different cell substrates i.e. 
mortal fibroblast strains, virus-transformed non-malignant cell lines and tumor cell 
lines (see table), a specific rabbit antiserum raised against human Rad5 1 protein was 
used in these studies. These antibodies reacted mainly with Rad51 protein in 
mammalian cell extracts as judged by Western blotting (see fig No 2 in (Haaf, 
20 Golub et al. 1995). Immunostaining of different cells showed that HsRadSl is 

concentrated in small and discrete sites (foci) through out nucleoplasm and is largely 
excluded from nucleoli and cytoplasm. At least 250 nuclei of exponentially growing 
cultures were analyzed for each experiment. As reported earlier (Haaf, Golub et al. 
1995) immunostaining revealed three kinds of nuclei: 1) nuclei that did not show any 
25 staining at all ( no foci), 2) nuclei that showed weak to medium staining and showed 
only a few foci (Type I nuclei) 3) nuclei that showed strong staining and showed 
many foci (Type II nuclei). In normal fibroblast control cells, we found type I nuclei 
in about 10% of cells and type II nuclei in less than 0.4 to 1% of cells and about 
90%of the cells showed no foci. Use of preimmune serum, as well as omission of 
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either the primary or secondary antibody, resulted in the absence of focally 
concentrated nuclear immunofluorescence. 

As reported earlier (Haaf, Golub et al. 1995) in normal (mortal) fibroblast control 
cells (Hs68) we found type I nuclei in 7% -10% of cells and type II nuclei in less 

5 than 0.4% of cells, where as 90% or more of the cells showed no foci (Table 1 ). In 
contrast all breast tumor cell lines tested (BT20, SrBr3, MoF7) exhibited 1-5% of 
type II nuclei and 10-38% of type I nuclei (Table 1). Transformed but 
non-malignant human cells, i.e. SV 40 transformed fibroblasts (LNL8, 63L7), 
EBV-transformed lymphoblasts (GM 01 194), and adeno virus-transformed kidney 

1 0 cells (293) also showed an increased percentage of Rad5 1 -positive cells (compared 
to normal fibroblasts), however the numbers observed were lower than in tumor 
cells. Interestingly, some tumor substrates i.e. the ovarian cancer line Hey; did not 
show a significant increase of RadSl -positive cells. 

As demonstrated earlier (Haaf, Golub et al. 1995), when the normal fibroblast cells 
1 5 were exposed to DNA damaging agents like 1 37Cs, there was a significant increase 
of cells containing type I and type II nuclei (Table 2). It is worth emphasizing that 
non-irradiated breast tumor cells show approximately the same percentage of 
RadSl -positive nuclei as Hs68 fibroblasts exposed to 900 rad Csl37 which kills 
99% of cells (Table 2). The immunofluorescent patterns of (non-irradiated) breast 
20 cancer cells (Figure 1) and fibroblasts that were exposed to DNA damaging agents 
are identical. 

When the breast cancer cells were exposed to Csl 37, the increase in the number of 
cells with type I and type II nuclei was even more dramatic than in normal (Hs68) or 
transformed (LNL8) fibroblasts (Table 2). Up to 40% of irradiated breast cancer 
25 cells showed type I nuclei and 1 1%-18% showed type II nuclei. 

In order to rule out any artifacts that would arise due to the examination of cultured 
breast cancer cells, we then examined the breast tissue obtained directly from the 
patient for Rad5 1 positive staining. Immunohistochemical evaluation revealed 
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definite nuclear staining of invasive breast carcinoma cells. Specifically, nuclear 
reactivity could be demonstrated in sections obtained from three paraffin-embedded 
samples. The nuclear staining appeared granular in some areas, and in others, 
occupied the entire nucleus. The actual number of invasive carcinoma cells that 
5 fluoresced was quite small, and estimated to be less than 5% of the nuclei seen in 
three samples with definite reactivity Figure 2). Nuclear staining was not identical in 
normal breast epithelium or lactating breast tissue. Bright nuclear reactivity was seen 
in positive control testicular tissue, specifically, in the cells lining the seminiferous 
tubules. Background staining did not appear to be problematic. 

1 0 Increase in immunofluorescence of HsRadS 1 in breast cancer cells can result from 
either increase in the amount of HsradSl in these cells or it could be seen as a result 
of re-organization of HsradSl in these nuclei in response to damage related 
activities. We think that the latter is true because there was no apparent increase in 
the amount HsRadSI in breast cancer cells as shown by the Western blots (data not 

15 shown). 

The molecular baas and the consequence of the increase in HsRadSI in breast 
cancer cells is not clear. Since Rad5l protein interacts with other proteins of the 
Rad52 epistasis group and these multiprotein complexes are involved in the 
recombinational repair of double-strand breaks (Hays, et al., (1995). Proc. Natl. 

20 Acad. Sci. USA 92: 6925-6929; Johnson, R. D. and L. S. Symington (1995). Mol. 
Cell. Biol. 15: 4843-4850), it is tempting to speculate that these foci are the sites 
where repair/recombination events are taking place. Since p53 is known to interact 
with Rad51 it iwill be interesting to see the colocalization of p53 and Rad51 protein 
in these complexes. It is quite possible that these foci contain either wild type or 

25 mutant p53 and other breast cancer related proteins like BRCA1, BRCA2 or the 
newly discovered STG1 protein. We propose that the increase in the 
immunofluorescence of Rad51 in the breast cells can be used as an important 
cytological marker for cell proliferation and malignant cell growth. Further 
experimentation will be done to validate this proposal and to understand the role of 

30 increase in Rad51 foci and carcinogenesis. 
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Table 1: Percentage of nuclei containing discrete foci enriched with HsRadSl 

protein. 

Cell Substrate No foci Type I Type II 

5 Hs68 Normal fibroblasts 90% 10% 0% 

93% 7% 0% 

LNL8 (NI 00847) Transformed fibroblasts 90% 9% 1% 

(SV40) 90% 8% 2% 

63L7 Transformed fibroblasts 94% 6% 0% 

10 (SV40) 94% 3% 3% 

GM01194 Transformed lymphoblasts 91% 7% 2% 

(EBV) 90% 9% 1% 

92% 8% 0% 

80% 18% 2% 

15 80% 19% 1% 
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293 Cells Transformed kidney cells 

(Adenovirus) 

BT20 Breast cancer line 



SrBr3 Breast cancer line 

MoF7 Breast cancer line 

Tera2 Testicular teratoma 

Hey Ovarian cancer line 

HeLa Cervix (?) tumor cells 



PCT7US98/D1825 



75% 23% 2% 

83% 15% 2% 

82% 17% 1% 

86% 10% 4% 

82% 13% 5% 

78% 17% 5% 

74% 25% 1% 

57% 38% 5% 

88% 10% 2% 

76% 23% 1% 

77% 22% 1% 

94% 5% 1% 

98% 2% 0% 

67% 31% 2% 
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Table 2: Percentage of nuclei containing discrete foci enriched with HsRad51 
protein. 

Cell substrate Treatment No foci Type I Type II 



10 



5 Hs68 
(normal 
fibroblasts) 



None 90% 10% 

None 93% 7% 

6 hrs after 10 rad Csl 37 96% 4% 

6hrsafter50radCsl37 96% 4% 

6 hrs after 150 rad Csl37 92% 7% 

6 hrs after 450 rad Csl37 88% 8% 

6 hrs after 900 rad Cs 137 91% 4% 



0% 
0% 
0% 
0% 
1% 
4% 
5% 



15 



LNL8(NI 00847) None 90% 9% 1% 

(SV40-transformed None 90% 8% 2% 

fibroblasts) 6 hrs after 150 rad Csl37 88% 11% 1% 

6 hrs after 300 rad Csl 37 76% 19% 5% 

6 hrs after 900 rad Csl37 78% 17% 5% 



BT20 

(breast cancer 
cells) 



None 
None 
None 



20 6 hrs after 300 rad Csl 37 

6 hrs after 900 rad Csl 37 



86% 
82% 
78% 
44% 
52% 



10% 
13% 
17% 
41% 
30% 



4% 
5% 
5% 
11% 
18% 
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Example 2 

Nuclear foci of human recombination protein RadSl 
in nucleotide excision repair defective cells 



Eurkaryotic cells have several different mechanisms for repairing damaged DNA 
(for review see R. Wood, 1996). One of the major pathway is nucleotide excision 
repair (NER), which excises damage within oligomers that are 25-32 nucleotides 
long. Patients with recessive heredity disorder XP have defects in one of several 
enzymes, which participate in ER. There are seven XP groups (XP-A to XP-G), 
which have defects in the initial steps of the DNA excision repair. 



DNA damage is removed several- fold faster from transcribed genes than from non- 
transcribed, mainly due to preferential NER of the transcribed strand (for review see 
Hanawalt, 1994). This mechanism does not function in Cockayne's syndrome (CS) 
patients. 
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NER defective cells, evidently, sustain increased amount of DNA damage. Thus we 
evaluated NER defective cells from XP and CS cells for an increased amount of 
Rad51 protein foci. 

To study possible effect of NER on localization of HsRadSl in somatic tissue culture 
cells, we compare in situ localization of the protein in normal fibroblasts, different 
XP cells and CS-B ceils. A policlonal rabbit antiserum raised against human Rad51 
protein was used in this study. These antibody reacted in mammalian cell extract 
mainly with Rad51 protein as judged by Western Blotting (see FIG. 2 in Haaf et aL 
1995). Immunostaining of different cell lines showed that HsRadSl is concentrated 
in small and discrete sites (foci) throughout nucleoplasm and is largely excluded 
from nucleoli and cytoplasm. As discussed above, immunostaining revealed three 
kinds of nuclei, types I, II and HI. The results are shown in Table 3. 
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Table 3: Percentage of nuclei containing discrete foci 
enriched with HsRadSl protein 





Cell substrate 


No foci 


Type 
I* 


Type II* 


Hs68 


Normal fibroblasts 


90% 


10% 


0% 




IN Oi l Hal iiorooiaSis 








63L7 




94% 


6% 


0% 


63 L7 (confluent) 


rA ii bro blasts 


94% 


3% 


3% 


6935 


rA 1 1 bro blasts 


92% 


6% 


2% 


6914 


Normal 


72% 


21% 


7% 


6914 


lymphoblasts 


72% 


25% 


3% 


6914 




67% 


24% 


9% 


GM01194 


Normal 


91% 


7% 


2% 


GM01194 


lymphoblasts 


90% 


9% 


1% 


GM01194 




92% 


8% 


0% 




FA lymphoblasts 








GM07063 




90% 


OA/ 

8% 


2% 


GM07063 


FA lymphoblasts 


96% 


4% 


0% 


GM 13020 


FA lymphoblasts 


92% 


7% 


1% 


GM13022 




86% 


13% 


1% 


GM13022 




78% 


20% 


2% 


GM13023 




94% 


5% 


1% 


GM13071 




81% 


15% 


4% 


GM13071 




74% 


23% 


3% 



*Type I nuclei show only few (<15) foci and/or weak to medium HsRadSl 
immunofluorescence, whereas Type II cells show many and/or strongly fluorescing 
foci. 

250 nuclei were analyzed for each experiment. 



37 



WO 98/34118 



PCT/US98/01825 



In normal (mortal) fibroblast control cells, LNL8 and NF, we found type I nuclei in 
5-9% cells and type II nuclei in 1-7% cells, where as 88-90% of the cells showed no 
foci (Table 3). Use of preimmune serum, as well as omission of either the primary 
or secondary antibody, resulted in the absence of focally concentrated nuclear 
5 immunofluorescence. 

XP-V cells are normal in NER, but have defect in postreplication repair process 
(Boyer et aL 1990; Griffiths et al., 1991; Wang et al., 1991, 1993). As we expected, 
these cells showed the same distribution pattern of nuclear HsRadS 1 as control cell 
lines (Table 3). 

1 0 Distribution of HsRadS 1 foci in CS-B cells also was similar to the cells with normal 
NER (Table 3). This result was also anticipated. CS-B cells are defective in NER 
which is coupled with transcription (Venema et al., 1 990). Transcribed genes, 
evidently, comprise only a small part of the whole genomic DNA and damage in 
transcribed genes, therefore, should be accounted for only a very small fraction of 

1 5 the damage in genomic DNA. 

XP-A, XP-B, XP-F and XP-G cells are all defective in NER. XP-A cells have defect 
in XPA protein, which carries out a crucial rate-limiting step in NER-recognition of 
DNA lesion (Jones and Wood, 1993). The protein makes a ternary complex with 
ERCC1 protein and XPF protein, which is defective in XP-F cells (Park and Sankar, 
20 1 994). XP-B and XP-G cells are defective in different steps of NER which follow 
damage recognition (Reviewed in Ma et al., 1995). 

XP-A and XP-F cell lines have increased amount of cells with HsRadSl protein foci 
(Table 3). In contrast, XP-B and XP-G cells have about the same level of HsRadS 1 
protein foci, as cells with normal NER (Table 3). This result could be easily 
25 understood if we assume, that 1 ) formation of HsRadS 1 foci is caused by DNA 
damage, b) DNA lesion is excluded from the pool of damage DNA which cause 
Rad51 foci formation as soon as XPA/XPF/ERCC1 complex binds to the lesion. 
DNA damage in XP-Band XP-G cells is recognized by NER system, but the damage 
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cannot be proceeded and removed by the system. Such unremoved damage, 
evidently, is not considered as a substrate for Rad5 1 protein involved repair as soon 
as the damage is recognized by NER complex XPA/XPF/ERCC1 as a substrate for 
NER, even if defect in subsequent steps of NER makes its removing impossible. 

5 Induction of principal DNA repair system (SOS respond) in E. coli is, assumed to be 
triggered by formation of single-stranded DNA (ssDNA) which results from DNA 
damage (reviewed in Little and Mount, 1982). DNA damage in XP-A cells is not 
recognized by NER and, therefore, at least a considerable part of DNA damage is not 
proceeded to formation of ssDNA regions. Nevertheless, Rad51 foci are effectively 
1 0 formed in XP-A cells and their amount could be further increased by UV or - 

irradiation (Tables 4 and 5). Evidently, ssDNA is not a primary signal for HsRad51 
protein foci formation. 
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Table 4: Percentage of nuclei containing discrete foci enriched with HsRad5 1 
protein 



Cell substrate 


Treatment 


No foci 


Type I* 


Type 11* 


LNL8 


No treatment 


90% 


9% 


1% 


jconiroi ) 


11 












90% 


O /O 


2% 




\|n tr#*5itmpnt 








NF (control) 


it 


88% 


5% 


7% 




ino ireaimenx 


07 /O 


^0/ 


o /o 


VD A 

XrA 












«i 


51% 


39% 


10% 




No treatment 


700/. 
/Z /o 


7 no/ 

Zv/o 


o/o 




14 


JJ/O 


7/10/ 


/ /o 


VDD 












No treatment 
ii 


covo 


110/ 
1 I 70 


10/ 
J/0 






Q£0/ 




10/ 


XPD 


No treatment 










*i 


87% 


8% 


5% 




VI 

No treatment 


0.3/0 


790/ 

ZO/o 


^ /o 


XPF 














48% 


41% 


11% 




ino ireaimeni . 










it 


A^o/ 
0*f /o 


7^0/ 
/o 


fto/ 
5 /o 


XPG 












None 


88% 


7% 


5% 






85% 


9% 


6% 


XPV 














94% 


5% 


1% 






89% 


11% 


0% 


CBS 














87% 


8% 


5% 



Type I nuclei show only a few (<15) foci and/or weak to medium HsRadSl 
immunofluorescence, whereas type II cells show many and/or strongly fluorescing 
foci. 

250 nuclei were analyzed for each experiment. 
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Table 5: Percentage of nuclei containing discrete foci enriched with HsRadSl 
protein 



Cell substrate 


Treatment 


XT „ 

No 
bci 


Type 
* 


l ype ii 


LNL8 


>Jo treatment 


90% 


9% 


i% 


(control) 


No treatment 


90% 


8% 


2% 




6hrsafter 150radCsl37 


88% 


11% 


1% 




6hrsafter 300radCsl37 


76% 


19% 


5% 




6hrsafter900radCsl37 










None 


78% 


17% 


5% 


VD A ** 

ArA 


3 hrs after 300 rad ,37 Cs 


51% 


39% 


10% 




None 


61% 


24% 


15% 




6 hrs after 900 rad ,,7 Cs 










None 


72% 


20% 


8% 




5 hrs after 5 J/m 2 UV 


59% 


25% 


16% 




5 hrs after 15 J/m 2 UV 


59% 


34% 


7% 




Mnnp 


53% 


31% 


16% 




5 hrs after 800 rad 137 Cs 










27 hrs after 800 rad l37 Cs 


55% 


26% 


19% 


CBS** 




87% 


8% 


5% 






60% 


21% 


19% 






77% 


6% 


17% 
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*Type I nuclei show only a few (<15) foci and/or weak to medium HsRadSl 
immunofluorescence, whereas Type II cells show many and/or strongly fluorescing 
foci. 

1 50 nuclei were analyzed for each experiment. 

♦♦Induction of HsRadSl foci in Xeroderma pigmentosum (Type A) implies 
that single stranded DNA molecules are not the primary signal. 

♦♦♦Induction of HsRadSl foci in cells from patients with Cockayne's 
syndrome implies that the induction is not dependent on transcription. 

In conclusion, human recombination protein HsRadSl is concentrated in multiple 
discrete foci in nucleoplasm of cultured human cells. After treatment of cells with 
DNA damaging agents, the percentage of cells with HsRad51 protein 
immunofluorescence increases. Xeroderma pigmentosum (XP) cells XP-A with 
inactive protein XPA, responsible for lesion recognition by nucleotide excision 
repair (NER) system have increased percentage of cells with HsRadS 1 protein foci. 
XP-F cells, defective in XPF protein, which forms complex with XPA protein, also 
have increased level of the HsRadSl protein foci. In contrast, XP-B and XP-G cells 
with defects in different steps ER, which follow the damage recognition, as well as 
XP-V cells (normal level of NER) and Cockayne's syndrome (CS) cells (defect in 
NER, responsible for preferential repair of the transcribed DNA strand) have normal 
level of HsRadSl protein foci. Evidently, formation of HsRadSl protein foci is 
caused by DNA damages. DNA damages, however, do not participate in causing 
formation of HsRadSl protein foci, as soon as they are recognized by NER system, 
even if the system is blocked on one of the step, leading to DNA repair. 



Example 3 

Higher order nuclear structures of RadSl and its exclusion into 
micronuclei after cell damage 



Previous studies have revealed a time- and dose-dependent increase of nuclear 
HsRadSl protein foci after DNA damage introduced into the genome by various 
agents (Haaf et al., 1995, supra). Here we show that when the damaged cells are 
allowed to recover, these RadSl foci form specific higher-order nuclear structures. 
Finally, all the focally concentrated RadSl protein is eliminated into micronuclei 
that undergo apoptotic genome fragmentation. Treatment of cells with clastogens 
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and aneuploidogens implements a mechanism that affects the nuclear distribution of 
Rad51 protein and targets Rad51 foci, most likely along with irreversibly damaged 
DNA into micronuclei. To examine the role of Rad51 protein in DNA repair and 
cell proliferation, we have analyzed the intranuclear distribution of overexpressed 
5 Rad5 1 protein during the cell cycle and in cell populations proceeding through 
apoptosis. 

Experimental Procedures 

Cell Culture. The sources of the cell lines were as follows. Rat TGR-1 cells, J. 
Sedivy, Brown University; mouse 3T3-Swiss cells, ATCC; human 293 kidney cells, 
10 ATCC; human teratoma cells, B. King, Yale University; human LNL8 fibroblasts, S. 
Meyn, Yale; human XPA and XPF fibroblasts, P Glazer, Yale. 

Monolayer cultures were grown in D-MEM medium supplemented with 10% fetal 
bovine serum and antibiotics. The cells were detached from culture flasks by gentle 
trypsination, pelleted and resuspended in phosphate-buffered saline (PBS; 136 mM 
1 5 NaC 1 , 2 mM KCI, 1 0.6 mM Na 2 HP0 4 , 1 .5 mM KH 2 P0 4 , pH 7.3) prewarmed at 
37°C. 

To induce DSBs in DNA and recombinational repair, cell cultures were exposed to a 
l37 Cs irradiator at doses of 900 rad and then allowed to recover for various time 
spans. In another experiment, cells were treated with 10 jiM 5-aza-dC for 24 hrs. 

20 This hypomethylating base analog is a potent DNA-strand breaker (Snyder, et al., 
(1989). Mutation Res. 226 y 185-190; Haaf, 1995). Incubation of cells with the 
spindle poison colcemid (1 ng/ml for 24 hrs) resulted in the formation of multinuclei 
and micronuclei containing entire chromosomes. Under the experimental conditions 
chosen, colcemid does not cause chromsome breakage. Treatment with etoposide 

25 (Sedivy), a drug that inhibits DNA topoisomerase II, is a classic system for inducing 
apoptosis in cells (Mizumoto, et al., (1994). Mol. Pharmac. 46, 890-895). 

Antibody Probes. HsRad51 protein, expressed in E. colU was isolated and used for 
preparation of rabbit polyclonal antibodies. Western blotting experiments revealed 
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that rabbit antiserum does not react significantly with any other proteins in 
mammalian cells except Rad51 (Haaf et al., 1995). Similarly, polyclonal antibodies 
against HsRadS2, a structural homolog of yeast Rad52, were raised in the rat, as is 
known in the art. Mouse monoclonal antibody 30T14 recognizes Gadd45, a 
5 ubiquitously expressed mammalian protein that is induced by DNA damage (Smith, 
et al., (1994). Science 266, 1376-1380). Monoclonal antibodies H4 and H14 bind 
specifically to the large subunit of RNAPII (Bregman et al., (1995) J. Cell Biol. 129, 
287-298). Monoclonal antibody Pab246 against amino acids 88-93 of mouse p53 
was purchased from Santa Cruz Biotechnology, Inc. 

10 Immunofluorescent Staining. Harvested cells were washed and resuspended in 
PBS. Cell density was adjusted to ~10 5 cells/ml. 0.5 ml aliquots of this cell 
suspension were centrifuged onto clean glass slides at 800 rpm for 4 min, using a 
Shandon Cytospin. Immediately after cytocentrifugation, the preparations were fixed 
in absolute methanol for 30 min at -20 °C and then rinsed in ice-cold acetone for a 

1 5 few seconds. Following three washes with PBS, the preparations were incubated at 
37 °C with rabbit anti-HsRad51 antiserum, diluted 1:100 with PBS, in a humidified 
incubator for 30 min. For some experiments, the slides were simultaneously labeled 
with rat anti-HsRad52 antiserum or mouse monoclonal antibody. The slides were 
then washed in PBS another three times for 10 min each and incubated for 30 min 

20 with fluorescein-isothiocyanate (FITC)-conjugated anti-rabbit IaG, appropriately 
diluted with PBS. Rad52, Gadd45, p53, and RNAPII were detected with rhodamine, 
conjugated anti-rat IgG or anti-mouse IgG+IgM. After three further washes with 
PBS, the preparations were counterstained with 1 ng/ml 
4,6-diamidino-2-phenylindole (DAPI) in 2xSSC for 5 min. The slides were 

25 mounted in 90% glycerol, 0.1 M Tris-HCI, pH 8.0, and 2.3% 
1 ,4-diazobicyclo-2,2,2-octane (DABCO). 

For preparation of chromatin fibers, cells were centrifuged onto a glass slide and 
covered with 50 \xl of 50 mM Tris-HCI, pH 8.0, 1 mM EDTA, and 0.1% SDS. The 
protein-extracted chromatin was mechanically sheared on the slide with the aid of 
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another slide (Heiskanan, et al., (1994) BioTechniques 77, 928-933) and then fixed 
in methanol/acetone. 



Fluorescence In Situ End Labeling (FISEL). FISEL detects cell death (apoptosis) 
in situ by quantitating DNA strand breaks in individual nuclei. It uses terminal 

5 transferase (TdT) to label the 3-ends in fragmented genomic DNA with biotinylated 
nucleotide. 100 pi of reaction mix contain 1 fil (25 Units) TdT (Boehringer 
Mannheim), 20 \il SxTdT buffer (supplied with the enyzme), 1 \xl 0.5 raM 
biotin-U-dUTP, 3 nl 0.5 rnM dTTP, and 75 pi ddH 2 0. Cytological preprations are 
incubated at 37°C for 1 hr with this reaction mix. Washing the slides for 3x5 min in 

10 PBS is sufficient to terminate the reaction. The incorporated biotin-dUTP is 
detected with rhodarnine-conjugated avidin. 



In Situ Labeling of DNA-Replication Synthesis. The base analog BrdU is 
incorporated in place of thymidine into the DNA of replicating cells. In order to 
marie cycling cells, 10 pg/ml BrdU were added to the culture medium 30 hrs before 

1 5 cell harvesting. Depending on the cell substrate, this corresponds to one or two 
population doublings. At the end of the labeling period, slides were prepared as 
described above. After Rad51 -protein staining, the preparations were again fixed in 
a 3: 1 mixture of methanol and acetic acid for several hours at -20°C. Since the 
anti-BrdU antibody only recognizes BrdU incorporated into chromosomal DNA if 

20 the DNA is in the single-stranded form, the slides were denatured in 70% 

formamide, 2xSSC for 1 min at 80°C and then dehydrated in an alcohol series. 
BrdU incorporation was visualized by indirect anti-BrdU antibody staining. First, 
the preparations were incubated with mouse monoclonal anti-BrdU antibody 
(Boehringer Mannheim), diluted 1:50 with PBS, for 30 min. The slides were 

25 washed with PBS and then incubated with rhodarnine-conjugated anti-mouse IgG, 
diluted 1:20 with PBS, for another 30 min. Only cells with intense BrdU labeling of 
the entire nucleus were considered BrdU-positive and scored as cycling cells. 

Overexpression f HsRad51 Protein in Mammalian Cells. Human kidney cells 
(line 293, ATCC CRL1573) were stably transformed by plasmid pEG9 1 5. This 
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plasmid carries the whole coding sequence of the HsRadSl gene inserted in frame 
with the S'-end terminal sequence of vector pEBVHisB (Invitrogen). The resulting 
cell lines 710 and 717 constitutively express RadSl protein fused to a T7-tag epitope 
(Haafetal., 1995). 

5 Digital Imaging Microscopy. Images were taken with a Zeiss epifluorescence 
microscope equipped with a thermoelectronically cooled charge coupled device 
(CCD) camera (Photometries CH250), which was controlled by an Apple Macintosh 
computer. Gray scale source images were captured separately with filter sets for 
FITC, rhodamine, and DAPI. Gray scale images were pseudocolored and merged 

1 0 using ONCOR Image and ADOPE Photoshop software. It is worth emphasizing that 
although a CCD imaging system was used, the immunofluorescent signals described 
here were clearly visible by eye through the microscope. 

Dynamic Nuclear Distribution of Rad51 Protein after DNA Damage Nuclear 
foci of mammalian RadSl -recombination protein can be induced significantly after 

1 5 irradiation of cell cultures with Cesium ( l37 Cs). Since Western blots have not shown 
a dramatic net increase in Rad5 1 protein in irradiated cells, we conclude that DNA 
damage mainly affects its nuclear distribution (Haaf et al., 1995). To gain insight 
into the radiation-induced perturbations in nuclear organization and the possible role 
of RadS 1 protein in repair processes, we have analyzed the topological 

20 rearrangements of RadS 1 -protein foci in rat TGR-I fibroblasts that have sustained 
DNA damage. TGR-I is an immortal rat cell line with a stably diploid karyotype. 
After I37 Cs irradiation with a dose of 900 red which kills 99% of cells, rat RadSl 
protein was visualized in situ using polyclonal antibodies raised against HsRadSl. 
The percentage of cells with cyto logically detectable Rad: 1 -protein foci started to 

25 increase in the first three hours (Table 6). RadS 1 -positive nuclei contained up to 
several dozen discrete foci throughout their nucleoplasm. Immunofluorescence 
staining was largely excluded from the cytoplasm. Many of these nuclear RadSl 
foci had a double-dot appearance, typical of paired DNA segments (Figure 3a). 
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Table 6. Induction of Rad5 1 Foci after ,37 Cs Irradiation of TGR- 1 cells and Their 



Elimination into Micronuclei 



Treatment 


Percentage of 
Cells without 
Foci 


Percentage of Cells with 
Type I* Foci 


Percentage of Cells with 
Type II a Foci 




in 

Nuclei 


in 

Micronuceli 


in 

Nuclei 


in 

Micronuclei 


None 


yj /o 


6% 


0% 


1% 


0% 


3 nrs atter 












900 rad 




00/ 


f\ AO/ 

0.4% 


110/ 
1 I/O 


U.O% 


l37 Cs 


80% 










16 nrs aiter 




9% 


8% 


1% 


9% 


900 rad 












,37 Cs 


73% 














1% 


13% 


1% 


13% 


30 hrs after 












900 rad 












,37 Cs 


72% 


0% 


4% 


0% 


6% 


4 days after 












900 rad 












l37 Cs 


90% 











Type I nuclei and micronuclei show weak to medium HsRadSl immuno- 
fluorescence, whereas type II cells show strongly fluorescing foci. 1000 cells were 
anlayzed for each experiment. 
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When irradiated cells were then cultured for various times to allow repair of induced 
DNA damage and apoptosis to occur, significant changes in the distribution of 
RadSl -protein foci were detected. Nuclear foci coalesced into larger clusters with 
extremely high immunofluorescence intensity after 6-20 furs. Only a few discrete 
5 foci remained singly in the nucleoplasm. In a percentage of nuclei linear strings of 
5-10 RadSl -protein foci were formed (Figure 3b). Immediately striking was the 
somatic association of "homologous" strings of similar length. These strings were 
always tightly paired at one of their ends. The dynamics of the Rad5 1-protein foci 
after induction of DNA damage are clear evidence for a higher-order organization of 
1 0 nuclear structure that accompanies DNA repair and/or programmed cell death. 

One to two days after l37 Cs irradiation with a lethal dose the coalesced RadSl 
clusters showed a highly non-random localization towards the nuclear periphery 
(Figure 3c). Finally, the RadSl structures were excluded into micronuclei. The 
nucleoplasm was virtually cleared of RadSl protein and only aggregated RadSl foci 

1 5 in MN were remaining (Figure 4;Table 6). Similar to the situation seen earlier in 
interphase nuclei, many MN displayed paired RadSl foci and higher-order 
structures. The highest number of MN (approximately three per cell) as well as the 
highest number of RadSl -positive MN(approximately 30%) were observed 16 hrs 
after irradiation (Table 7). However, at each time point analyzed the majority of 

20 radiation-induced MN did not show detectable RadS 1-protein foci. 
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Table 7. Rad51 Foci in Micronuclei of Different Cell Substrates 





Number of 


Percentage of 


Percentage of 


Cell substrate 


Micronuclei in 


Rad51 -Positive 


Rad51 -Negative 


Treatment 


1000 Cells 


Micronuclei 


Micronuclei 


TGR01 








None 


93 


14% 


86% 


3 hrs after 900 








rad ,37 Cs 


279 


22% 


78% 


16 hrs after 900 








rad ,J7 Cs 


2719 


28% 


72% 


4 days after 900 








rad 137 Cs 


1040 


20% 


80% 


LNL8 








None 


n.d. 


23% 


77% 


None 


n.d. 


26% 


74% 


XPA 








None 


n.d. 


18% 


82% 


Teratoma 








None 


n.d. 


10% 


90% 


3T3-Swiss 








None 


472 


125% 


88% 



1000 cells were analyzed for each experiment 

Segregation of Rad51 -Protein Foci into Micronuclei An increased rate of MN is 
also observed in 5-azadeoxycytidine (S-aza-dC)-treated cell cultures (Guttenbach, et 
25 al., (1994) Exp. Cell Res. 277, 127-132; Stopper et al., 1995, supra). This 
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hypomethylating base analog induces inhibition of chromatin condensation, leading 
to instability of the affected chromosome regions (Haaf, 1995). Its cytotoxic effects 
are at least partially due to the induction of single- and double-strand breaks in 
DNA. Like ,37 Cs irradiation, 5-aza-dC can induce the formation of Rad51 -protein 
5 foci in nuclei and its elimination into MN. Rat TGR-1 and human LNL8 fibroblast 
cultures treated with non-lethal doses of 5-aza-dC displayed MN with focally 
concentrated RadSl protein in 5-10% of their cells (Table 8). 



Table 8. Induction of Rad51 Foci by 5-Azadeoxycytidine 







Percentage of 
Cells without 
Foci 


Percentage of Cells with 
Type I a Foci 


Percentage of Cells with 
Type II" Foci 


10 


Cell type 
Treatment 




in in 
Nuclei Micronuclei 


in 

Nuceli 


in 

Micronuclei 




TGR-1 












None 


93% 


6% 0% 


1% 


0% 




5-aza-dC 


86% 


5% 4% 


1% 


4% 




LNL8 










15 


None 


92% 


6% 1% 


1% 


0% 




5-aza-dC 


89% 


3% 1% 


2% 


5% 



1 Type I nuclei and micronuclei show weak to medium HsRad5 1 immuno- 
fluorescence, whereas type II cells show strongly fluorescing foci. 500 cells were 
analyzed for each experiment. 
20 b 10" 5 M 5-aza-dC were added to the culture medium 24 h rs before cell harvest. 



Rapidly dividing cell cultures always exhibit a baseline MN frequency even without 
exposure to clastogens or aneuploidogens. In five different substrates studied, 
LNL8, XPA, teratoma, 3T3-Swiss, and TGR-1 cells, 10-30% of these spontaneously 
occuring, non-induced MN exhibited Rad51 -protein foci (Table 7). This further 
25 links Rad5 1 -protein foci and MN formation. 
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Rad52 and Other Repair Proteins Are Not Excluded int Micronuclei Studies 
in yeast (Shinohara et al., 1992, supra; Milne, G., and Weaver, D. (1993). Genes 
Dev. 7, 1755-1765) and humans (Shen, et al., (1996). J. Biol. Chem. 277, 148-152) 
have shown physical interaction between Rad5 1 and Rad52 proteins both in vitro 

5 and in vivo. Double immunofluorescence with rabbit anti-Rad51 and rat anti-Rad52 
antibodies on l37 Cs irradiated TGR-1 cells showed that both proteins are enriched in 
nuclear foci but they do not co-localize. Rad52-protein foci remained in the nucleus 
throughout the entire time course, while Rad51 -protein foci were segregated into 
MN (data not shown). The same holds true for Gadd45 (data not shown) an 

10 inducible DNA-repair protein that is stimulated by p53 (Smith et al., 1994, supra). 
Biochemical evidence further suggests specific protein-protein association between 
HsRadSl and p53 (Sturzbecher et al., 1996, supra). However, after anti-p53 
antibody staining the RadSl foci were not particularly enriched with p53 protein 
(data not shown). In addition, HsRadSl was reported to be associated with a RNA 

15 polymerase II (RNAPII) holoenyme (Maldonado et al., 1996, supra). Afthough 
RNAPII was irnmunolocalized in discrete discrete nuclear foci, as reported 
previously (Bregman et al., 1995, supra), transcription complexes did not coincide 
with RadSl foci (data not shown). 

Association of RadSl Protein with DNA Fibers In a few (<1%) cells of irradiated 
20 and drug-treated cultures, we observed very elongated Rad5 1 structures, up to 

several hundred micrometer io length, that were eliminated from the nuclei. Since 
these fiber-like structures stained DAPI-positively, they are thought to contain single 
DNA molecules of several megabases covered with RadSl (data not shown). 
Fluorescence in situ end labeling (FISEL) demonstrated that these DNA fibers 
25 contain fragmented DNA typical of apoptosis (data not shown). Sometimes the 
DNA fibers appeared to leak out of the nucleus through holes in the nuclear 
membrane and coodense into micronuclei. In all cell substrates studied, a high 
percentage of MN displayed genome fragmentation (data not shown). 

The association of Rad5 1 protein with DNA was also visible on experimentally 
30 extended chromatin fibers from irradiated cells. SDS lysis and mechanical stretching 
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of nuclear chromatin across the surface of a glass slide can cause complete 
deattachment of DNA loops from the nuclear matrix, producing highly elongated, 
linear chromatin fibers (Haaf, T., and Ward, D.C. (1994). Hum. Mol. Genet. 3, 629- 
633.; Heiskanen et aL, 1994, supra). Immunofluorescence staining revealed linear 
5 strings of RadS 1 label on these stretched DNA fibers (data not shown). By 
comparison with YAC hybridlzat-on signals on similar preparations (Haaf and 
Ward, 1994, supra), the length ofthe RadSl fibers was estimated 1-2 Mb. 

RadSl -Protein Foci and Apoptosis To determine whether RadSl -positive MN 
specifically detect exposure to clastogens, analyses were performed in rat TGR-I 

1 0 cells with the aneuploidogen colcemid. This mitotic spindle poison causes lagging 
of whole chromosomes that are excluded into MN. Surprisingly, when 
colcemid-treated cells were allowed to recover for 24 hrs in drug-free medium, over 
30% of the induced MN contained very brightly fluorescing Rad5 1 foci (Table 9). 
Some MN contained rod-like linear structures (data not shown) similar to those 

15 observed in RadSl-overexpressing cells. Most of these RadSI-positive MN, 24 hrs 
after colcemid, did not contain fragmented DNA, as determined by simultaneous 
FISEL (Table 9). When cells were grown for one or two more days in the absence 
ofthe drug, the percentage of Rad51 -containing MN decreased dramatically. In 
addition, the RadSl protein was no longer concentrated in discrete foci but appeared 

20 to disperse throughout the entire MN volume. At the same time most MN became 
apoptotic and by FISEL their degraded DNA showed incorporation of fluorescent 
nucleotides. Thus, we conclude that mitotic arrest after colcemid triggers a cascade 
that induces the elimination of RadSl protein into MN and drives apoptotic events. 
Our results seem to be consistent with the hypothesis that apoptosis is a special form 

25 of aberrant mitosis (Ucker, D.S. (1991). New Biologist 5, 103-1009; ShietaL, 1994, 
supra). 



52 



WO 98/34118 PCT/US98/01825 
Table 9. Rad51 Foci and Apoptosis in Colcemid-Induced Micronuciei of TGR-1 



CeUs 



Treatment 


Number 
of micro- 
nuclei in 
1000 cells 


Percentage of Cells Showing* 


Rad51-/ 
FISEL- 


Rad51+/ 
FISEL- 


Rad51+/ 
FISEL+ 


Rad51-/ 
FISEL+ 


None 


93 


75% 


12% 


2% 


11% 


Colcemid b 


n.d. 


85% 


6% 


0% 


9% 


1 day of recovery 


1293 


54% 


31% 


1% 


14% 


2 days of recovery 


1061 


45% 


45% 


6% 


40% 


3 days of recovery 


769 


43% 


7% 


4% 


46% 



*Apoptotic cells show fluorescence in situ end labeling (FISEL+), while cells 
1 0 without genome fragmentation show absence of labeling (FISEL-). "Rad5 1 +" cells 
with Rad51 foci, "Rad51-+ cells without foci. 

TGR-l cells were grown for 24 hrs in medium contaiing 0.1 jig/ml colcemid to 
induce micronucleus formation (without inducing DNA damage). 185 of the 
colcemid-treated cells were arrested at metaphase, 17% showed multinuclei (>10 
1 5 micronuciei), and 65% had no micronuciei. The cells were then allowed to recover 
for various times in the absence of the drug. 500 micronuciei were analyzed for each 
experiment. 

Another more classical way for inducing apoptosis in vitro is the exposure of TGR-1 
cells to the topoisomerase II inhibitor etoposide. After adding etoposide to the 

20 culture medium, the percentage of apoptotic cells steadily increased (Table 10). 
After 36 hrs half of the cells showed genome fragmentation and stained 
FISEL-positively. The nuclear events of apoptosis were accompanied by the 
appearance of RadSI protein in nuclei and MN. These results indicate that different 
stimuli (e.g., irradiation and DNA-damaging drugs, topisomerase inhibitors, and 

25 aneuploidogens) that condem cells to apoptosis can induce focal concentration of 
Rad51 protein and its exclusion into MN. 
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Table 10. Induction of Rad5 1 Foci and Apoptosis by Etoposide Treatment of 



TGR-lCells 





Treatment 


Percentage 
of Apoptotic 
Cells 6 


Percentage 
of Cells 
without Foci 


Percentage of Cells with 
Type I 1 Foci 


Percentage of Cells with Type 
IP Foci 










in 


in 


in 


in 










Nuclei Micronuciei 


Nuclei Micronuciei 




None 


6% 


93% 


6% 


0% 


1% 


0% 


5 


2 hrs after 
etoposide 4 


n.d. 


92% 


4% 


1% 


1% 


2% 




5 hrs after 
etoposide 


n.d 


92% 


3% 


2% 


1% 


2% 


10 


12 hrs after 
etoposide 


17% 


87% 


8% 


2% 


1% 


2% 




18 hrs after 
etoposide 


24% 


79% 


3% 


8% 


1% 


9% 




24 hrs after 
etoposide 


33% 


82% 


2% 


2% 


6% 


8% 


15 


36 hrs after 
etoposide 


47% 


83% 


2% 


5% 


1% 


9% 



"Type I nuclei and micronuciei show weak to medium HsRad51 
immunofluorescence, whereas type II cells show strongly fluorescing foci. 500 cells 
were analyzed for each experiment. 
20 b Detected by fluorescence in situ end labeling (FISEL+). 

c Cells were grown in medium containing etoposide for the indicated times. 



Higher-Order Nuclear Organization of Overcxpressed Rad51 Protein Human 
293 cells were transfected with the HsRadSl gene. The resulting cell lines 710 and 
717 constitutively expressed a HsRadSl -fusion protein. This overcxpressed protein 

25 formed brightly fluorescing linear structures inside the nucleus (Figure 7a). Some 
nuclei were completely filled with a network of rod-like structures (Figure 7b). 
Identical Rad51 structures were observed in transformed rat TGR 928.1-9 cells, 
stably expressing the HsRadSl protein without a tag epitope (data not shown). This 
suggests that Rad51 protein is able to assemble into higher-order structures within 

30 the highly ordered interphase nucleus. The linear nature of RadS 1 structures in 
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overexpressing cells is reminscent of the strings of RadSl -protein foci after DNA 
damage and colcemid treatment and in meiotic cells (Haaf et al., 1995). 

However, in contrast to the situation after DNA damage, the overexpressed HsRadSl 
protein is not eliminated into MN. The numbers of Rad51-positive MN were not 

5 radically different in Rad51-overexpressing human 717 cells versus in 293 control 
cells and in rat 928.1-9 overexpressers versus in parental TGR-1 cells. This means 
that RadSl overexprcssion alone does not cause apoptosis. In exponentionally 
growing unsynchronized cultures, 14% of both 717 and 293 cells (500 cells were 
analyzed for each experiment) and 8% of both 928.1-9 and TGR-1 cells showed 

1 0 cleavage of the cell's DNA by FISEL. We conclude that the segregation of Rad5 1 
into MN is a specific behavior of apoptotic cells and precedes genome 
fragmentation. 

Cell-Cycle Arrest of Cells with Focally Concentrated RadSl Protein 
Simultaneous RadSl-protein immunofluorescence and antibromodeoxyuridine 

1 5 (BrdU) antibody staining demonstrated that nuclei with focally concentrated Rad5 1 
protein do not undergo DNA-replication synthesis (data not shown). BrdU was 
incorporated into replicating DNA of unsynchronized cell cultures for 30 hrs. 
Rapidly growing transformed cell lines (293, LNL8, XPA, and XPF) which showed 
detectable RadSl immunolabling in a percentage of nuclei even without induction of 

20 DNA damage as well as RadSl overproduces (928.1-9 and 717) were analyzed. For 
each experiment, 100 nuclei with prominent RadSl foci and 100 nuclei without 
detectable RadSl foci were stained with fluorescent anti-BrdU antibody. In the 
widely different substrates tested, 80%- 100% of the cells with focally concentrated 
RadSl protein were found to be BrdU-staining negative (Table 11). In contrast, 

25 30%-90% of the cells without RadS 1 foci from the same cultures showed BrdU 

incorporation, indicative of cycling cells. The BrdU-substituted DNA was located in 
discrete replication sites throughout the nucleus as reported previously (Nakayasu, 
H., and Berezney, R (1989). J. Cell Biol. 108, l-l 1 ; Fox, et al., (1991) J. Cell ScL 
PP, 247-253). This suggests that even without induction of DNA damage the cells 
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with Rad5 1 foci are arrested during the cell cycle or enter S phase delayed of the 
Rad51-foci negative cells. 

Table 1 1 Induction of Rad51 Foci after ,37 Cs Irradiation of TGR-1 cells and Their 



Elimination into Micronuclei 



Treatment 


Ppreentafye of 
Cells without 

wvuil lit lw Wl 

Foci 


Percentage of Cells with 
Type I 1 Foci 


Percentage of Cells with 
Type II' Foci 




in 

Nuclei 


in 

Micrnmicpl i 


in 

Mi ipl pi 


in 

N/firmmif*1fM 

IVJLldVjllUlrld 


None 


93% 


6% 


0% 


1% 


0% 


3 hrs after 












900 rad 




8% 


0.4% 


11% 


0.6% 


l37 Cs 


80% 










16 hrs after 




9% 


8% 


1% 


9% 


900 rad 












,37 Cs 


73% 














1% 


13% 


1% 


13% 


30 hrs after 












900 rad 












I37 Cs 


72% 


0% 


4% 


0% 


6% 


4 days after 












900 rad 












l37 Cs 


90% 











"Type I nuclei and micronuclei show weak to medium HsRadS 1 immuno- 
20 fluorescence, whereas type II cells show strongly fluorescing foci. 1 000 cells were 
anlayzed for each experiment. 

Rat TGR-1 cells are capable of normal physiological withdrawal into the quiescent 
(Go) phase of the cell cycle as well as resumption of growth following the 
appropriate stimuli (Prouty, et al., (1993). Oncogene 5, 899-907). In TGR 928.1-9 
25 cells o-erexpressing a HsRadS 1 transgene(s), Go arrest upon serum starvation 
dramatically induced HsRad: 1 -protein foci (Table 12). Synchronous re-entry into 
the cell cycle after feeding reduced the percentage of HsRadS 1 -foci positive cells to 
very low levels. However, new Go arrest upon contact inhibition following three 
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population doublings increased the number of cells with nuclear RadS 1 foci again. 
We therefore conclude that cells with prominent nuclear RadS 1 foci are most likely 
in Go or Gl phase of the cell cycle. 

Table 1 2. RadS 1 Foci in Micronuclei of Different Cell Substrates 







Number of 


Percentage of 


Percentage of 


5 


Cell substrate 


Micronuclei in 


RadS 1 -Positive 


RadS 1 -Negative 




Treatment 


1000 Cells 


Micronuclei 


Micronuclei 




TGR01 










None 


93 


14% 


86% 




3 hrs after 900 








10 


rad ,37 Cs 


279 


22% 


78% 




1 6 hrs after 900 










rad ,37 Cs 


2719 


28% 


72% 




4 days after 900 










rad ,37 Cs 


1040 


20% 


80% 


15 


LNL8 










None 


n.d. 


23% 


77% 




None 


n.d. 


26% 


74% 




XPA 










None 


n.d. 


18% 


82% 


20 


Teratoma 










None 


n.d. 


10% 


90% 




3T3-Swiss 










None 


472 


125% 


88% 



25 1 000 cells were analyzed for each experiment 
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Other references specifically incorporated by reference are Haaf, T. (1995). 
Pharmac. Then 65, 19-46; Haaf, T., and Schmid,M. (1991). Exp. Cell Res. 192, 
325-332; and Owaga, et al, (1993) Science 259, 1896-1899 
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CLAIMS 

We claim: 

1 . A method of diagnosing individuals at risk for a disease state comprising 

a) determining the distribution of RadSl foci in a first tissue type of a first 
5 individual; and 

b) comparing said distribution to the distribution of RadSl foci from a second 
normal tissue type from said first individual or a second unaffected individual; 

wherein a difference in said distributions indicates that the first individual is at risk 
for a disease state which results in aberrant RadSl loci. 

10 2. A method according to claim 1 wherein said disease state is cancer. 

3. A method of diagnosing individuals at risk for cancer comprising 

a) determining the distribution of RadSl foci in a potential cancerous tissue 
type of a first individual; and 

b) comparing said distribution to the distribution of RadSl foci from a second 
1 5 normal tissue type from said first individual or a second unaffected individual; 

wherein a difference in said distributions indicates that the first individual is at risk 
for a cancer which results in aberrant RadSl loci. 

4. A method according to claim 3 wherein the cancer is selected from breast cancer 
and skin cancer. 

5. A method of diagnosing individuals at risk for a disease state associated with 
apoptosis, said method comprising 

a) determining the distribution of RadSl foci in a first tissue type of a first 
individual; and 

b) comparing said distribution to the distribution of RadSl foci from a second 
normal tissue type from said first individual or a second unaffected individual; 

wherein a difference in said distributions indicates that the first individual is at risk 
for a disease state associated with apoptosis which results in aberrant RadSl loci. 
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6. A method according to claim 1 wherein the extent of aberrent distribution 
indicates the severity of the disease state. 

7. A method according to claim 1 wherein said distribution is determined through 
the use of polyclonal antibodies. 

5 8. A method according to claim 1 wherein said distribution is determined through 
the use of monoclonal antibodies. 

9. A method according to claim 7 or 8 wherein said antibodies are raised against 
eukaryotic RadSl. 

10. A method according to claim 9 wherein said eukaryotic RadSl is mammalian 
10 RadSl. 

1 1 . A method for identifying an apoptotic cell comprising 

a) determining the distribution of RadSl foci in a first cell; and 

b) comparing said distribution to the distribution of RadSl foci from a second 
non-apoptotic cell; 

1 5 wherein a difference in said distributions indicates that the first cell is apoptotic. 

12. A method according to claim 1 1 wherein said distribution is the association of 
RadSl with DN A fibers. 

13. A method according to claim 1 1 wherein said distribution is the association of 
RadSl into micronuclei. 

20 14. A method for identifying a cell under stress associated with nucleic acid 
modification comprising 

a) determining the distribution of RadSl foci in a first cell; and 

b) comparing said distribution to the distribution of RadSl foci from a second 
non-affected cell; 
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wherein a difference in said distributions indicates that the first cell is under stress 
associated with nucleic acid modification. 

15. A method according to claim 14 wherein said stress is oxidative or hypoxic 
stress. 

S 16. A method according to claim 14 wherein said stress is heat shock. 

17. A method according to claim 14 wherein said stress is cold shock. 

1 8. A method for identifying a cell containing a mutant Rad5 1 gene comprising 
determining the sequence of all or part of at least one of the endogenous RadSl 
genes. 

10 1 9. A method of identifying the Rad5 1 genotype of an individual comprising 

determining all or part of the sequence of at least one RadSl gene of said individual. 

20. A method according to claim 18 or 19 further comprising comparing the 
sequence of said Rad51 gene to a known RadSl gene. 

2 1 . A method according to claim 20 wherein a difference in the sequence between 
1 S the Rad5 1 gene of said individual and said known Rad5 1 gene is indicative of a 

disease state or a propensity for a disease state. 

22. A method for screening for a bioactive agent capable of binding to RadSl 
comprising: 

a) adding a candidate bioactive agent to a sample of Rad5 1 ; and 
20 b) determining the binding of said candidate agent to said RadS 1 . 

23. A method for screening for a bioactive agent capable of modulating the activity 
of RadSl, said method comprising the steps of: 

a) adding a candidate bioactive agent to a sample of RadS 1 ; and 
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b) detcnnining an alteration in the biological activity of RadS 1. 

24. A method according to claim 23 wherein said biological activity is DNA 
dependent ATPase activity. 

25. A method according to claim 23 wherein said biological activity is nucleic acid 
5 strand exchange. 

26. A method according to claim 23 wherein said biological activity is DNA 
binding. 

27. A method according to claim 23 wherein said biological activity is filament 
formation. 

10 28. A method according to claim 23 wherein said biological activity is DNA pairing. 

29. A method for screening for a bioactive agent capable of modulating the activity 
of RadS 1 , said method comprising the steps of: 

a) adding a candidate bioactive agent to a cell; and 

b) determining the effect on the formation or distribution of RadS 1 foci in said 
15 cell. 

30. A method according to claim 25 further comprising subjecting said cell to 
conditions which induce nucleic acid damage. 

3 1 . A method of inducing apoptosis in a cell comprising increasing the activity of 
Rad51 in said cell. 

20 32. A method according to claim 3 1 wherein said increasing comprises 
overexpression of endogenous Rad51 . 
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33. A method according to claim 3 1 wherein said increasing comprises 
administration of a gene encoding Rad5 1 . 

34. A method according to claim 31 wherein said increasing comprises 
administration ofRadSl protein. 

5 35. A method according to claim 31 wherein said cell is a cancer cell, 

36. A method according to claim 3 1 further comprising subjecting said cell to 
conditions which induce nucleic acid damage. 

37. A method according to claim 36 wherein said conditions comprise the 
administration of a chemical agent which causes nucleic acid damage. 

10 38. A method according to claim 36 wherein said conditions comprise subjecting 
said cell to radiation. 

39. A method according to claim 3 1 further comprising increasing the activity of 
p53 in said cell. 

40. A composition comprising: 

IS a) nucleic acid encoding a RadS 1 protein; and 

b) nucleic acid encoding a tumor suppressor protein. 

41 . A composition according to claim 38 wherein said tumor suppressor protein is 
p53. 

42. A composition according to claim 38 wherein said tumor suppressor protein is 
20 BRCA1. 

43. A composition according to claim 38 wherein said tumor suppressor protein is 
BRCA2. 
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44. A composition according to claim 38 comprising: 

a) nucleic acid encoding a RadS 1 protein; 

b) nucleic acid encoding a BRCA1 protein; 

c) nucleic acid encoding a BRCA2 protein; and 

d) nucleic acid encoding a p53 protein. 

45. A composition comprising: 

a) a recombinant Rad51 protein; and 

b) a recombinant tumor suppressor protein. 

46. A kit for detecting the distribution of RadS 1 foci in a cell or tissue comprising: 

a) binding agent for RadSl foci; and 

b) a detectable label. 
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sensitive for situations in which very few cytotoxic cells are available, or 
the effector cell is not testable by other current methods. In addition, the 
single-cell assay provides a new means to examine the biological and 
biochemical mechanisms of the cytotoxic reactions at the level of individ- 
ual cells. 
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[20] Preparation of Antibody-Linked Cytotoxic Agents* 
By Tarun I. Ghose, A. Huntley Blair, and Padmaja N. Kulkarni 

The purpose of linking cytotoxic agents to antibodies against cell sur- 
face antigens is to direct an agent selectively to the antigen-bearing ceil 
population. 1 This approach to targeting has been used chiefly in experi- 
mental models for inhibition or destruction of cancer cells and T lympho- 
cytes. Agents that have been linked to immunoglobulins include simple 
radionuclides, cancer chemotherapeutic drugs, and toxins of microbial 
and plant origin. 1 ' 2 In this chapter we shall discuss the strategy of linking 
cytotoxic agents to immunoglobulins so that biologically active conju- 
gates retaining agent and antibody activities are produced. Methods that 
have been used or are potentially useful for linkage will be described. 
Linkage of radionuclides will not be covered, since this subject has been 
reviewed recently. 2 ' 3 Several recent publications may be consulted on the 

* Reference numbers beginning with V and VI denote references in Tables V and VI, 
respectively. 

* T. Ghose and A. H. Blair, J. Natl. Cancer Inst. 61, 657 (1978). 

2 T. Ghose, A. H. Blair, P. Kulkarni, K. Vaughan, S. T. Norvell, and P. Belitsky, in 
"Targeting of Drugs" (G. Gregoriadis, ed.), p. 55. Plenum, New York, 1982. 

3 T. Ghose, A. H. Blair, R. H. Martin, S. T. Norvel, S. Ramakrishnan, P. Belitsky, K. 
Imai, and S. Ferrone, in "Tumor Imaging" (S. W. Burchiel, B. A. Rhodes, and B. E. 
Friedman, eds.), p. 167. Masson, Paris, 1982. 
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binding of drugs and haptens to macromolecular carriers, 4 " 11 and linkage 
of enzymes and toxins to antibodies. 12 ' 13 

Strategy for Linkage of Cytotoxic Agents to Immunoglobulins 

For antibody-mediated selective delivery of chemotherapeutic agents 
or toxins an ideal conjugation method should (a) not interfere with either 
the agent or antibody activity; (b) allow high incorporation, yet be suffi- 
ciently controllable to be tailored to the production of homogeneous con- 
jugates containing optimal agent to antibody ratios; (c) avoid formation of 
homopolymers of antibody or agent; (d) avoid aggregation of the conju- 
gate; and (e) be technically straightforward and reproducible. Further, the 
drug or toxin must be delivered to the milieu of the sensitive target mole- 
cules irTa form that is active or can be activated in situ. It is to be noted 
that a conjugated cytotoxic agent may damage target cells by its interac- 
tion with alternative or altogether different target molecules from those 
susceptible to the action of free drug. For example, it has been postulated 
that Ig-linked Trenimon, unlike the free drug, is neither internalized nor 
alkylates nuclear DNA; its inhibitory effect appears to involve alterations 
in the plasma membrane.^ 1 9 

Selection of a method for linkage of a cytotoxic agent to immuno- 
globulins should be based on the following points. 

1 . Consideration of the type of bond required for optimal biological 
action, e.g. , one that will permit cytotoxic action in the intracellular 
milieu either by maintaining a favorable steric orientation or allow- 
ing release of active agent. 

2. Identification of existing reactive groups in the agent and Ig that are 
not essential for activity. However, an essential group might be 
used for linkage if the bond formed was one that could be cleaved 

4 B. F. Erlanger, this series, Vol. 70, p. 85. 

5 G. Gregoriadis, in "Drug Carriers in Biology and Medicine" (G. Gregoriadis, ed.), p. 1. 
Academic Press, New York, 1979. 

6 L. Gros, H. Ringsdorf, and H. Schupp, Angew. Chem. Int. Ed. Engl. 20, 305 (1981). 

7 E. A. Kabat, in "Structural Concepts in Immunology and Immunochemistry" (E. A. 
Kabat, ed.), p. 28. Holt, New York, 1976. 

8 S. B. Kadin and I. G. Otterness, Annu. Rep. Med. Chem. 15, 233 (1980). 

9 S. W. Kim, R. V. Petersen, and J. Feijen, in "Drug Design" (E. J. Ariens, ed.), Vol. 10, 
p. 193. Academic Press, New York, 1980. 

10 M. J. Pozansky and L. G. Cleland, in "Drug Delivery Systems" (R. L. Juliano, ed.), p. 
253. Oxford Univ. Press, London and New York, 1980. 

11 D. S. Zaharko, M. Przybylski, and V. T. Oliverio, Methods Cancer Res. 16, 347 (1979). 

12 S. Avrameas, T. Ternynck, and J. L. Guesdon, Scand. J. Immunol. 8, Suppl. 7, 7 (1978). 

13 M. J. O'Sullivan and V. Marks, this series, Vol. 73, p. 147. 
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TABLE I 

Linkages between Cytotoxic Agents and Immunoglobulins 



Covalent 
Direct 

Bridged via intermediaries and spacers such as dextran and polyamino acids 
Noncovalent 

Ionic bonds, H bonds, and weak interactions between dipoles (i.e., van der Waals/Lon- 
don-type bonds) 



intracellularly to regenerate the original group or a derivative of it 
that allowed cytotoxic action. 

3. Assessment of whether the best method of linkage can be achieved 
by using existing groups or by introducing special reactive groups 
into agent and/or Ig, e.g., sulfhydryl groups by reaction with N- 
succinimidyl-3-(2-pyridyldithio)propionate (SPDP, see below). 

4. Assessment of necessity for additional modifications of the agent or 
immunoglobulin for production of biologically effective conjugates, 
such as elimination of the cell surface binding subunit (B chain) of 
diphtheria toxin or the Fc fragment of IgG (see Table VI). 

5. Assessment of the necessity of using intermediaries or spacers to 
permit increased loading of agent or to provide a favorable steric 
orientation. 

6. Assessment of possible adverse effects of proposed chemical pro- 
cedures on the activities of agent and antibody or on the biological 
half-life of the conjugate. 

Table I summarizes the possible kinds of linkages between cytotoxic 
agents and Ig. Even without formation of a covalent bond, the concerted 
effects of ionic bonds, hydrogen bonds, and van der Waals type of attrac- 
tions may yield very stable complexes. 11 ' 14 If action of the agent needs 
dissociation from the carrier antibody, binding by such noncovalent 
bonds would be a useful method provided that the binding is stable 
enough to prevent rapid dissociation of agent in the blood and/or other 
body fluids. 6 

Structure of Immunoglobulins in Relation to the Linkage of 
Cytotoxic Agents 

Immunoglobulins share a number of distinctive structural features 
while exhibiting enormous structural diversity compared to other biologi- 

14 A. Goldstein, L. Aronow, and S. M. Kalman, in "Principles of Drug Action: The Basis of 
Pharmcology" (A. Goldstein, L. Aronow, and S. Kalman, eds.), p. 15. Wiley, New York, 
1974. 
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cally active proteins. Distinctive features include (a) a tetrameric arrange- 
ment of two light (L) chains (M r 23,000) and two heavy (H) chains (Af r 
50,000-70,000) linked by disulfide bridges; and (b) the division of each 
dimer made up of one L and one H chain into variable (V) (antigen 
binding) and constant (C) regions. The V region occurs near the amino 
terminal end of the immunoglobulin chain. Immunoglobulins of different 
classes differ considerably in the amino acid sequence of the C segment of 
their H chains, in chain length, in the number of homologous domains in 
the chain, in the disulfide bridge pattern, in the degree of polymerization, 
and in the position, numbers, and kind of oligosaccharides. When L or H 
chains from the same class and species are compared, the C region is 
found to contain an invariant sequence characteristic of the class and 
species, whereas the V region shows multiple substitutions ranging from 
10 to 60 in the first 110 residues. In fact, although several hundred V 
regions of the two types of L chains, (kappa (k) and lambda (X), have been 
partially or completely sequenced, no two have yet been shown to be 
identical in amino acid sequence. However, there is an overall homology 
in amino acid sequence among L chains of the order of 25-35%. The k and 
X L chains have about 40% identity in amino acid sequence, whereas L 
and H chains share about 25% identity in sequence. 

The identification of repeating homologous regions or domains in im- 
munoglobulin molecules has contributed to the understanding of the 
structural basis of their function. Domains are made up of 1 10-120 amino 
acid residues, contain an intrachain disulfide bridge linking some 60 resi- 
dues, are easily cleaved by proteolytic agents, and have distinctive bio- 
logical functions associated with them. The variable domains of the L and 
H chains interact to form the variable fragment, which contains the anti- 
gen binding site. Its specificity is determined by the three hypervariable 
segments of the V regions of both L and H chains. Most of the V domain 
structure can be regarded as consisting of an invariant framework of 
antiparallel /3-pleated sheet. Edmundson et a/. 15 have investigated the 
individual residues in the /3-pleated sheets of V and C regions. In V 
domains the most common polar residues in the alternating patterns of the 
/3-pleated sheets are serine and threonine. The cylindrical surfaces are 
mainly composed of the side chains of these hydroxylic amino acids, 
whereas in the C domains, the surface residues are more diversified. 
There are about 30 hydrophobic side chains in the interior of each V and C 
domain. The hypervariable segments form connecting loops or hairpin 
bends at the C domain. They vary widely in higher order as well as 
primary structure. There appears to be an enormous range of substitu- 

15 A. B. Edmundson, K. R. Ely, E. E. Abola, M. Schiffer, and N. Panagiotopoulos, Bio- 
chemistry 14, 3953 (1975). 
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TABLE II 




Amino Acid Residues Available for Linkage in Immunoglobulins 


T^nflponhiliritv 




Amino acid 


(\n HpQfpnHintr order*! 


Functional group 


1 Sulfur 


Thiol 


Cysteine 




Thioether 


Methionine 


2. Nitrogen 


e-Amino 


Lysine 




Imidazole 


Histidine 




Guanidino 


Arginine 


3. Oxygen 


Carboxyl 


Glutamic acid 




Asparatic acid 




Hydroxyl 


Serine 






Threonine 




Phenolic hydroxyl 


Tyrosine 


4. Electron-rich centers 


Phenolic ring (positions 3 and 5) 


Tyrosine 




Imidazole 


Histidine 



tions possible while still preserving the framework conformation of the 
variable domains. Available data on the structure of binding sites are 
restricted largely to those specific for various haptens in which the amino 
acid residues tend to be aromatic but interspersed with polar resi- 
dues. 7 ^ 17 

Few proteins have been analyzed so extensively by amino acid se- 
quencing as immunoglobulins or their fragments of both human and ani- 
mal origin. Atlases of immunoglobulin structure and computer printouts 
of emerging data on V region sequences are now available as well as the 
results of a number of X-ray crystallographic studies. 7 ' 16 * 17 Table II lists 
amino acid residues in immunoglobulins that could be used for linkage 
reactions. 

The structural information available on immunoglobulins has not iden- 
tified particular amino acid residues that might be exploited for conjuga- 
tion on the basis that they occur solely in the C region, with the exception 
of the interchain disulfide bridges of cystine. Furthermore, side chains of 
residues in the antigen binding site are highly accessible because this site 
is fully exposed to the solvent interface. 

In contrast to immunoglobulin amino acid residues, the carbohydrate 
prosthetic groups may furnish potential linkage sites that will not interfere 
with antibody activity. Most immunoglobulins contain carbohydrates, but 

16 D. Givol, Int. Rev. Biochem. 23, 71 (1979). 

17 F. W. Putnam, in "The Plasma Proteins" (F. W. Putnam, ed.), 2nd ed., Vol. 3, p. 1. 
Academic Press, New York, 1977. 
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these carbohydrates are not involved in antigen binding. They are charac- 
teristically present in the C regions of heavy chains and are only occasion- 
ally found in the V region (owing to the presence of the obligatory se- 
quence Asn-X-Thr-Ser). 16J7 Thus carbohydrates offer potential sites for 
linkage of agents to immunoglobulins without disrupting antigen binding 
by that antibody. 

The total carbohydrate in immunoglobulins varies from 3% in IgG to 
13% in IgE. The number, location, and type of oligosaccharides differ in 
the five classes of human heavy chains. Because of their solubility, hy- 
drophilicity, and bulk, oligosaccharides are found on the exterior of the 
protein and are thus accessible. These carbohydrates may be either sim- 
ple (i.e., contain only mannose or N-acetylglucosamine) or complex and 
highly branched, containing smaller amounts of mannose, but galactose, 
fucose, and sialic acid in addition. Details of the structure of carbohydrate 
groups in human immunoglobulins can be found in several publica- 
tions. 7,18 To assess the availability of these carbohydrate moieties in IgG, 
we oxidized a rabbit anti-BSA IgG with periodate to form aldehyde 
groups from vicinal diols in carbohydrate moieties. Reaction with ethyl- 
enediamine and sodium borohydride led to the incorporation of 42 addi- 
tional primary amino groups in the IgG. Seventy-five percent of its anti- 
gen binding activity was retained. 

Structure of Cytotoxic Agents in Relation to Linkage to 
Immunoglobulins 

Low Molecular Weight Cancer Chemother apeutic Agents 

Low molecular weight cancer chemotherapeutic agents generally pro- 
vide few (if any) reactive groups that can be modified or used for conjuga- 
tion without jeopardizing drug activity. For example, the highly reactive 
groups of alkylating agents must be protected to obtain active conju- 
gates.^ 11 The pteridine moiety (with its amino groups in position 4) of 
methotrexate (MTX) must be preserved to obtain MTX-immunoglobulin 
conjugates that inhibit dihydrofolate reductase (DHFR) and retain cyto- 
toxic activity. Thus, the glutamate moiety at the other end of the molecule 
has been mostly utilized for modification of this drug and for its conjuga- 
tion to immunoglobulins and other carriers. v_6 For agents, such as the 
anthracycline glucosides adriamycin and daunomycin, that act by interca- 
lation with DNA, use of bonds that can be cleaved intracellular^ to 
release drug with appropriate steric properties is important for the pro- 

18 A. L. Tarentino, T. H. Plummer, and F. Maley, Biochemistry 14, 5516 (1975). 
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duction of active drug-antibody conjugates. v ~ 30 Because it is the aglycon 
part of the drug that intercalates with DNA and the amino sugar and a 
portion of the chromophore remain externalized, substitution at these 
sites is possible provided that the appropriate charge and the planar li- 
pophilic configuration of the polycylic ring are retained. 19 Thus the pro- 
nounced loss of activity of Af-acyl 20 or 0-methyl 21 derivatives of dauno- 
mycin is thought to be due to loss of basic character and consequent loss 
of electrostatic bond formation. However, it should be stated that several 
mechanisms of antitumor action unrelated to DNA intercalation have 
been proposed, e.g., inhibition of mitrochondrial respiration, alteration of 
cell surface architecture, and interference with microtubular function. 19 
Thus it will be useful to consider the results of studies on structure-ac- 
tion relationships for an agent to identify groups that are suitable for 
linkage. This may also be of help in assessing the stability of the agent 
during proposed chemical manipulations. Table III lists commonly used 
linkage methods that can be applied to various reactive group(s) occurring 
in cytotoxic agents. See Table V for those low molecular weight cytotoxic 
agents that have been linked to immunoglobulins and an outline of the 
method used in each case. 

Protein Agents: Plant and Microbial Toxins and Other Enzymes 

The extreme lethality of certain bacterial and plant toxins make them 
attractive candidates for antibody-directed delivery to cancer cells. 1222 A 
group of these represented by diphtheria toxin, Pseudomonas aeruginosa 
exotoxin A, abrin, ricin, and modeccin consist of two disulfide linked 
polypeptide chains, i.e., an enzymically active polypeptide (A chain) and 
a receptor-specific binding polypeptide (B chain). 

Single-chain toxin-related proteins form another group of potential 
toxins that may be useful for linkage to specific carriers. They resemble 
the A chain of the above group of toxins and by themselves are not toxic 
to cells, as they lack the B chain and are therefore not internalized. 
Gelonin, a representative member of this group, has been shown to be 
toxic to cells when linked through a disulfide bond to concanavalin A 23 
and antibody against Thy 1.1 antigen. VI ~ 13 A number of other enzymes, 
such as L-asparaginase and phospholipase C, have been linked either to 

19 H. S. Schwartz, Adv. Cancer Chemother. 6, 11 (1979). 

20 D. W. Henry, in "Cancer Chemotherapy" (A. C. Sartorelli, ed.), p. 15. Am. Chemical 
Society, Washington, D.C., 1976. 

21 F. Zunino, A. M. Casazza, G. Prates, F. Formelli, and A. Dimarco, Biochem. Pharmacol. 
30, 1856 (1981). 

22 S. Olsnes, Nature (London) 290, 84 (1981). 

23 F. Stripe, S. Olsnes, and A. Pihl, J. Biol. Chem. 255, 6947 (1980). 
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immunoglobulins (see Table VI) or other specific macromolecular carri- 
ers, e.g., concanavalin A. VI_I7 These toxins possess the special advantage 
for antibody-mediated targeting that their cytotoxicity results from cata- 
lytic inactivation of an essential cellular constituent rather than as a result 
of stoichiometric combination with target molecules. In principle, this 
means that very few toxin molecules delivered to a target cell should be 
sufficient to kill that cell. 

Toxins and their enzymically active A chains have been linked to 
antibodies by a number of different methods. Since two proteins are being 
linked together, one is faced with the problem of having similar reactive 
groups in each one. Arising from this, there is the tendency toward the 
formation of homo- and heteropolymers. A problem also can arise from 
the fact that a given amino acid residue selected for a particular linking 
reaction may well occur in the active center of the toxin as well as in 
accessible regions of the protein remote from the active site. This problem 
has already been alluded to in considering the immunoglobulin molecule. 
Another factor which must be considered is the necessity to link the toxin 
moiety in such a way as to allow catalysis to take place intracellularly. 
For example, ricin consists of two subunits connected by a disulfide 
bridge which must be cleaved. Early conjugation procedures linked the 
whole toxin to Ig such that if the binding specificity of the retained toxin B 
chain could be expressed, this would lead to nonspecific toxicity. As the 
field has developed attempts have been made to design procedures that 
circumvent these difficulties. For the methods of linkage of these toxins 
or their A chains to intact immunoglobulins or their active fragments see 
Table VI. 



Linkage Methods 

This section describes binding methods that may be applied in cou- 
pling cytotoxic agents to immunoglobulins. Table IV lists commonly used 
methods and the reactive groups involved. 

Diazotization 

Mathe and his colleagues used the diazotization reaction for linking 
methrotrexate to a rabbit anti-mouse leukemia globulin. v ~ 2 Advantages of 
using diazonium salts for linkage of agents to immunoglobulins include 
the ability to carry out the reaction in an aqueous medium at pH values 
between 5 and 8, the fact that no additional charge is introduced in the 
product, and the rapidity and completeness of the reaction at low temper- 
ature. Spacers of variable length may be introduced in the form of 
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TABLE IV 

Methods for Covalent Linkage of Agents to Immunoglobulins 



Method 


Reactive groups 




Amino (aromatic), phenol, indole, 




imidazole, amino 


Periodate oxidation-Schiff reaction 


Hydroxyl, amino 


Formation of an active ester intermediate (N-hy- 




droxysuccinimide) 


Carboxyl, amino 


Activation by carbodiimide 


Carboxyl, amino 


Formation of a mixed-anhydride intermediate 


Carboxyl, amino 


Linkage by use of homobifunctional reagents 




Dimaleimides 


Sulfhydryl 


AlkyI halides 


Sulfhydryl, amino, imidazole 


Aryl halides 


Sulfhydryl, amino, phenol 


F)ii soc van ate*; 


Amino 


Acylating agents 


Amino 


Diimidoesters 


Amino 


Dialdehydes 


Amino 


p-Benzoquinones 


Amino 


Linkage by use of heterobifunctional reagents 




A r -Succinimidyl-3-(2-pyridyldithio)propionate 




(SPDP) 


Amino, sulfhydryl 


m-Maleimidobenzoyl-A^hydroxysuccinimide 




ester (MBS) 


Amino, sulfhydryl 


Aryl azide and diazo alkyl derivatives 


Various 



polyphenylazo groups. Furthermore, the bonds formed by diazonium 
salts are easily cleaved. 12,24 Thus this type of linkage might be preferred if 
dissociation of drug at target sites is desired. However, it has been found 
that it is difficult to control the side reactions associated with the use of 
diazonium compounds leading to extensive precipitation in the reaction 
mixture.^ 1 ' 3 Also, diazonium salts react preferentially with aromatic 
amino acids like tyrosine or histidine, i.e., residues that may be present in 
substantial numbers at or near the antigen binding site. 12 This could lead 
to considerable loss of antibody activity. 

Periodate Oxidation 

This method is applicable to linkage (a) between a carbohydrate moi- 
ety in the agent and an amino group in the immunoglobulin; (b) between 
an amino group in the agent and carbohydrate moieties of the immuno- 
globulin; or (c) via carbohydrate containing intermediaries (see Table V). 

24 L. A. Cohen, this series, Vol. 34, p. 102. 
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The steps are (a) periodate oxidation of vicinal diols to yield aldehyde 
groups; (b) reaction between the aldehyde groups and free amino groups 
of agent or antibody; and (c) stabilization of the linkage by reduction with 
sodium borohydride. Although this method provides a high yield of conju- 
gate, 12 especially when dextran intermediaries are used, v " 23 ' v_24 it is diffi- 
cult to control the reaction to obtain the extent of drug incorporation 
desired, and there is usually substantial loss of antibody activity in the 
conjugate. 12 Borohydride reduction of the Schiff base leads to the forma- 
tion of a secondary amine that may not be easily cleaved in vivo and thus 
result in loss of activity in the conjugate.^ 30 

In applying this method to linkage of periodate-oxidized dextran to the 
amino sugar of adriamycin and daunomycin, it may be that the aldehyde 
groups react with the amino group and its vicinal hydroxyl group to form 
an oxazolidine derivative, with the methyl ketone to form an aldol con- 
densation product or by substitution in the aromatic moiety . V 3 ° The latter 
two reactions are likely to interfere with the activity of the daunomy- 
cin-adriamycin group of drugs. Periodate oxidation of immunoglobulin 
molecules may also give rise to unwanted inter- and intramolecular cross- 
linkages by the interaction of aldehyde groups with NH 2 groups in the 
immunoglobulin or by aldol condensation. 12 

Mixed Anhydride 

Agents containing carboxyl groups can be linked to amino groups of 
proteins by a mixed-anhydride technique as long as amino or other sensi- 
tive groups are not present in the agent or can be suitably protected. This 
method has been widely applied in peptide synthesis 25 and in coupling 
various haptens, including steroid derivatives, to serum albumin. Mixed 
anhydrides with the monoesters of carbonic acids have been used in these 
procedures because they have the advantage that reaction with amino 
groups produces C0 2 and a alcohol as the only products aside from the 
amide-linked agent. Reaction of the carboxyl compound with isobutyl- 
chlorocarbonate in the presence of triethylamine in a solvent such as 
tetrahydrofuran or dioxane gives the mixed anhydride, which can be 
added directly to the protein in solvent-containing buffer at pH 8-9. A 
small amount of isobutyloxycarbonylated amino derivatives may also be 
formed. This method can be used with agents that lack carboxyl groups by 
introducing these groups in the form of hemisuccinates or O-carboxy- 
methyl oximes (see Table III). 

Burnstein and Knapp v 7 claimed to have produced active conjugates of 
MTX and an anti-mouse ovarian carcinoma antibody by allowing the 

25 J. R. Vaughan and R. L. Osato, J. Am. Chem. Soc. 74, 677 (1952). 
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immunoglobulin to react with a product formed by heating MTX with 
acetic anhydride. However, we could not recover active MTX under 
conditions appropriate for hydrolysis of -a mixed anhydride. v " 5 We v " 5 and 
Latif et al. w ~ s failed to observe any antitumor activity in MTX derivative- 
Ig "conjugates" produced by this procedure. 

Carbodiimides 

Khorana 26 and Sheehan and Hess 27 demonstrated that carbodiimides 
could join suitably protected amino acids through peptide linkage. It was 
further demonstrated that this procedure can be carried out in aqueous 
media. If a free carboxyl group is presented in the agent or intermediary, 
carbodiimides can effect coupling presumably via free amino groups in 
the protein. Conversely, carbodiimides are assumed to activate carboxyl 
groups in immunoglobulins leading to reaction with free amino groups 
containing agents or intermediaries. 12 Although dicyclohexyl carbodii- 
mide was first used for such linkage, a number of water-soluble carbodii- 
mides (e.g., l-ethyl-3-(3'-dimethylaminopropyl) carbodiimide, 1-cyclo- 
hexyl-3-(2-morpholinoethyl) carbodiimide , metho-p-toluenesulfonate , 
and others 28 have been used to link a variety of drugs including chloram- 
bucil, N, J /V-bis(2-chloroethyl)-p-phenylenediamine (PDM), adriamycin/ 
daunomycin, and MTX directly to immunoglobulins or via appropriate 
intermediaries (see Table V). These reagents have also been extensively 
used for the linkage of low molecular weight agents to proteins and of 
enzymes such as peroxidase and phosphatase to antibodies. 12 - 29 ' 30 It is to 
be noted that, since proteins contain both carboxyl and amino groups, this 
method is subject to unwanted cross-linkage and polymerization. The 
chemistry of carbodiimides has been extensively reviewed. 31 

Bifunctional Reagents 

Bifunctional reagents can be exploited for forming bridges between the 
immunoglobulin amino acid side chains and agents (including toxins and 
enzymes) or intermediaries. Use has been made of both homobifunctional 
and heterobifunctional reagents where the reactive groups are different so 
that controlled, sequential activation of each group is possible. Table IV 
lists some of the commonly used bifunctional reagents and the groups that 

26 H. G. Khorana, Chem. Rev. 53, 145 (1953). 

27 J. C. Sheehan and G. P. Hess, 7. Am. Chem. Soc. 11, 1067 (1958). 

28 D. Clyne, S. Norris, R. R. Modesto, and A. J. Pesce, /. Histochem. Cytochem. 21, 233 
(1973). 

29 P. K. Nakane, J. Sri Ram, and G. B. Pierce, J. Histochem. Cytochem. 14, 789 (1966). 

30 S. Bauminger and M. Wilchek, this series, Vol. 70, p. 151. 

31 F. Kurzer and K. Douraghi-Zadeh, Chem. Rev. 67, 107 (1967). 
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they link. 32 " 34 A very useful group of heterobifunctional reagents includes 
those that have one relatively unreactive group that can be photoactivated 
to a highly reactive chemical species, e.g., nitrenes and carbenes. This 
type of bifunctional reagent may allow binding of agents to immunoglobu- 
lins and/or intermediaries in a sequential way: i.e., carrying out the first 
step in dark and the second one in the presence of activating light. How- 
ever, the extremely high indiscriminate reactivity of these reagents makes 
it difficult to use* them for controlled linkage of cytotoxic agents to im- 
munoglobulins. Their main use has been in studies of protein subunit 
structure and molecular associations in membranes by cross-linking. 34 35 
Methods of cross-linking of proteins, the commonly used reagents, and 
the details of synthetic approaches have been reviewed. 32 " 35 

Bifunctional Maleimide Derivatives 

N-substituted bismaleimide derivatives are mild agents that are spe- 
cific for SH groups. Toxins or drugs that lack sulfhydryl groups can be 
linked to IgG by this method, since reactive sulfhydryl groups can be 
introduced into agents and IgG or its reactive fragments by various meth- 
ods (Table IV). Dimaleimides have been used for linkage between sulfhy- 
dryl derivatives of IgG or F(ab) and a number of enzymes. 3637 The 
changes in ultraviolet absorption of maleimide derivatives provide a con- 
venient method for monitoring the reaction. One disadvantage of these 
reagents is that they are relatively insoluble in water 32 with the exception 
of N,N'-(oxydimethylene)dimaleimide. 36 Further information on these re- 
agents can be found elsewhere. 32,36 

Bifunctional Alkyl Halides 

Many of these highly reactive compounds are in use as cancer chemo- 
therapeutic agents. They are subject to nucleophilic attack by sulfhydryl, 
imidazole, and amino groups, etc. Reaction with sulfhydryl groups is 
favored at neutral to slightly alkaline pH, whereas at higher pH values 
reaction with amino groups is favored. 38 Chlorambucil has been used as a 
heterobifunctional reagent for the linkage of diphtheria toxin or its active 
fragments to antilymphocyte IgG and its (Fab) 2 (see Table VI). The car- 

32 F. Wold, this series, Vol. 25, p. 623. 

33 K. Peters and F. M. Richards, Annu. Rev. Biochem. 46, 523 (1977). 

34 T. H. Ji, Biochim. Biophys. Acta 559, 39 (1979). 

35 M. Das and C. F. Fox, Annu. Rev. Biophys. Bioeng. 8, 165 (1979). 

36 P. D. Weston, J. A. Devries, and R. Wrigglesworth, Biochim. Biophys. Acta 612, 40 
(1980)/ 

37 K. Kato, H. Fukui, Y. Hamaguchi, and E. Ishikawa, J. Immunol. 116, 1554 (1976). 

38 L. G. Israels and J. H. Linford, Proc. Can. Cancer Res. Conf. t 5th, p. 399 (1963). 
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boxyl group of CBL was activated by forming a mixed anhydride that was 
allowed to react with the amino groups in Ig at 4° to yield a modified 
protein bearing the alkylating mustard group. Diphtheria toxin was then 
added and the temperature was raised to 25-30° to allow conjugate for- 
mation by alkylation of amino groups in the toxin.™ The reaction can 
be easily monitored by assaying the amount of acid liberated. < - 

Bifunctional Isocyanates 

A number of bifunctional isocyanates are available providing a wide 
variety of bridge lengths- and reactivities. Most are insoluble in buffered 
salines used for dissolving immunoglobulin. The general principles of 
their use have been outlined. 32 - 39 In addition to their reaction with amines 
to form substituted ureas (which is the major reaction with proteins at pH 
>7) they also react with alcohols forming urethanes. Side reactions in 
aqueous solutions (e.g., hydrolysis of the second isocyanate to an amine 
and its subsequent linkage to another isocyanate molecule) may lead to an 
aggregation of proteins through hydrophobic interaction. Several of these 
reagents have been used to link various proteins including diphtheria 
toxin to immunoglobulins.^ 11 Two : step procedures have been followed in 
an attempt to preserve antibody activity and improve the yield of conju- 
gate, but the first step with a large excess of reagent was associated with 
extensive inactivation of immunoglobulins. 32 

Bifunctional Acylating Agents 

There are a large number of bifunctional acylating agents that vary 
widely in size and reactivity. Two groups have been investigated for 
cross-linking proteins, i.e., nitrophenyl esters of dicarboxyhc acids and 
aromatic sulfonyl chlorides. p-Nitrophenyl chloroformate has been suc- 
cessfully used in a two-step method of linkage. 32 The a-amino and s- 
amino groups react most rapidly with these reagents. 

Bifunctional Imidoesters 

Imidoesters are soluble in water and can react under mild conditions 
with amino groups with a high degree of specificity. Parker and his col- 
leagues used diethylmalonimidate to link glucose oxidase to anti-hapten 
and anti-CEA antibodies for their model studies on the interaction be- 
tween antibody linked glucose oxidase and lactoperoxidase for the selec- 
tive conversion of nontoxic arsenicals or halides into cytocidal agents at 

» A. F. Schick and S. J. Singer, J. Biol. Chem. 236, 2477 (1961). 
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tumor sites (see Table VI). They should also be appropriate for amino 
group containing agents such as adriamycin and daunomycin. One attrac- 
tive feature of these reagents, e.g., diethylmalonimidate, is that even 
extensive interaction with lysine residues (i.e., 85% of the residues avail- 
able) can be carried out without any change in the net charge or immuno- 
logical reactivity or anti-DNP or anti-BSA antibodies. 32 Thus, an imidoes- 
ter reacts with the same functional groups as glutaraldehyde, but gives an 
amidine product that retains the positive charge on the lysine side chain. 
y-Globulin has been covalently linked to ferritin by this method without 
loss of antibody activity. Linkage may be somewhat less irreversible than 
with glutaraldehyde, particularly under alkaline conditions. Bifunctional 
imidoesters of varying chain length are commercially available, permit- 
ting the drug molecule to be spaced at various distances from the anti- 
body moiety. In addition to this, the disulfide dimer of methyl-4- 
mercaptobutyrimidate will permit coupling via a disulfide bridge between 
drug moiety and immunoglobulin, the properties of which may be quite 
different from either amide bonds or borohydride reduced Schiff bases. 

Aliphatic Dialdehydes 

A number of dialdehydes have been investigated as cross-linking 
agents, e.g., glyoxal, malonaldehyde, glutaraldehyde, etc. Amino and 
sulfhydryl groups are the primary points of attack of these reagents. 32 
Glutaraldehyde has been used for linking between amino groups in the 
agent and immunoglobulin, essentially following the method initially de- 
scribed by Avrameas 40,41 and later used by Hurwitz et al. y ~ 22 to bind 
daunomycin and adriamycin to IgG (see Table V). Although the basis of 
dialdehy de-mediated linkage is expected to be Schiff base formation be- 
tween aldehyde and amino groups, the irreversibility of bonds produced 
by alpha-omega dialdehydes has been attributed to the formation of Mi- 
chael-type adducts. 42 

p-Benzoquinone and Its Derivatives 

p-Benzoquinone can be made to react with proteins and polysac- 
charides in solution via only one of its two reactive sites if added in large 
excess. The second site can therefore be used for coupling a drug, toxin, 
or intermediary that contains a reactive amino group. Ternymck and Avra- 
meas 43 have described in detail the use of this reagent for coupling en- 

40 S. Avrameas, Immunochemistry 6, 43 (1969). 

41 M. Reichlin, this series, Vol. 70, p. 159. 

42 F. M. Richards and J. R. Knowles, J. Mol. BioL 37, 231 (1968). 

43 T, Ternymck and S. Avrameas, Ann. Immunol. (Paris) 127C, 197 (1976). 
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zymes and ferritin to IgG or a Fab fragment. p-Benzoquinone did not 
interfere with the antigen binding capacity even after substitution of 30% 
of available amino groups in IgG. 43 

Bisoxiranes 

These bifunctional reagents possess the virtue of permitting simultane- 
ous introduction of a spacer group in the coupling process. They will react 
with both hydroxyl and amino groups under alkaline conditions, and their 
use with proteins has been documented. 44 

m-Maleimidobenzoyl- and m-Maleimidocaproyl-N -hydroxy succinimide 
Esters (MBS and MCS) 

These heterobifunctional reagents are designed to couple selectively 
via amino and sulfhydryl groups 45 46 under mild conditions. In the first 
step maleimide residues are introduced into immunoglobulin molecules 
by the interaction of the hydroxysuccinimide moiety of MBS or MCS with 
amino groups. During this step intermolecular cross-linkage is avoided 
because of the absence of reactive sulfhydryl groups. In the second step 
sulfhydryl groups in the agent react with the maleimide residue to produce 
a thioether link. Donkey anti-sheep IgG antibody was conjugated with /3- 
galactosidase using MBS with retention of 85% antibody activity and 80% 
enzyme activity. 13 More recently, MBS has been used to produce a cyto- 
toxic conjugate of the A fragment of ricin with a rat monoclonal IgG 2 b 
antibody (see Table VI). MCS has been used to link peptides related to the 
beta subunit of human chorionic gonadotropin to macromolecular car- 
riers. 46 

N-Succinimidyl-3-(2-pyridyldithio) Propionate (SPDP) 

This reagent reacts with amino groups via its N-hydroxysuccinimide 
moiety and with aliphatic thiols via its 2-pyridyldisulfide group. 47 It is very 
useful for introduction of sulfhydryl groups into proteins followed by 
protein-protein conjugation via thiol disulfide exchange (see below). Sev- 
eral toxins (or their A fragments) have been conjugated to IgG (or the Fab 
fragment) by this method. The disulfide bridge linkages can be split by 
reduction or thiol-disulfide exchange, thus providing conjugates poten- 
tially cleavable in the intracellular milieu. Reaction conditions for SPDP 

44 J. Porath, this series, Vol. 34, p. 13. 

45 T. Kitagawa and T. Aikawa, J. Biochem. (Tokyo) 79, 233 (1976). 

46 A. C. J. Lee, J. E. Powell, G. W. Tregear, H. D. Niall, and V. C. Stevens, Mol. Immunol. 
17, 749 (1980). 

47 J. Carlsson, H. Drevin, and R. Ax6n, Biochem. J. 173, 723 (1978). 
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are mild side reactions are low, and the degree of substitution with pro- 
tected thiol groups is controllable and can be determined easily. 

Noncovalent Binding 

In addition to stable covalent bonds, a variety of bonds of lower en- 
ergy can be used for the production of conjugates/" Such noncovalent 
binding can involve hydrogen bonds, electrostatic or ionic bonds, weak 
interactions between dipoles or induced dipoles, and hydrophobic inter- 
actions etc 11,14 Formation of a noncovalent complex of adequate stability 
between a drug and Ig depends on the occurrence of a stencally favorable 
binding site on the Ig molecule arising from the appropnate juxtaposition 
of hydrophobic, ionic, or polar groups such that multiple interactions can 
occur with that particular drug. 14 Several methods have been described 
for noncovalently binding chlorambucil to IgG without substantially af- 
fecting either alkylating or antibody activity (see Table V). Acetylsahcy- 
clic acid is another drug that binds to IgG by electrostatic and hydropho- 
bic interactions. 48 

Linkage of Drugs to Immunoglobulins via Intermediaries and Spacers 

Intermediaries have been used as a means of increasing the amount of 
drug incorporated per immunoglobulin molecule without the loss of anti- 
body activity and for overcoming steric hindrance with drug activity. 
They include polyglutamic acid, polylysine, and various polysaccharides 
and synthetic polymers (Table V). The general principles of linkage ot 
intermediaries to immunoglobulins and of drugs to intermediaries are es- 
sentially the same as those for linkage of drugs directly to immunoglobu- 

mS poly-L-lysine has been used as a "piggyback" carrier of methotrex- 
ate 49 and for constructing conjugates of daunomycin so that the free drug 
can be released in the lysosomal milieu. 50 In principle, polylysine also 
provides a single carboxyl group for reaction with a free amino group in 
the immunoglobulin. Thus a large drug load may be incorporated into an 
antibody using a small number of linkage sites in that antibody. On the 
debit side poly-L-lysine is extremely toxic in vivo and the ' stickiness ot 
the molecule makes difficult the assay of antibody in polylysine-im- 
munoglobulin conjugates (unpublished results). 

Polysaccharides such as dextrans, Ficoll, and mannans furnish hydro- 
philic intermediaries obtainable in narrow molecular-weight ranges. De- 

« Y. Y. Thomas Su and B. Jirgensons, Biochem. Pharmacol. 27, 1044 0978)- 

• W. C. Shen and H. J. P. Ryser, Proc. Natl. Acad. Sci. U.S. A. 75, 187 W 

» W C Shen and H. J. P. Ryser, Biochem. Biophys. Res. Commun. 102, 1048 ll»U, 
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pending upon their chemical character, agents can be linked to dextrans 
by direct esterification of dextran hydroxyl groups or by reaction after 
activation of hydroxyl groups by periodate, cyanogen halides, azide, or- 
ganic cyanates, or epoxy halopropyl. Periodate oxidation of dextran 
yields a polyaldehyde that will react with amino groups in the agent (and 
immunoglobulin) to form Schiff bases that can be stabilized by borohy- 
dride reduction. This has been the most widely used method of linkage to 
dextran (Table V). 5 ' 11 Reactive moieties such as amino or carboxyl groups 
can be substituted in dextran to make other types of drug linkage possible 
(see Tables III and IV). The size of the dextran is important in determin- 
ing the extent of the molar incorporation of agent and the final weight of 
the conjugate. 

The available methods for linkage of carbohydrates to proteins have 
been reviewed by Aplin and Wriston. 51 Those that have been used for 
linkage of poly- or oligosaccharides include (a) activation with cyanogen 
bromide; (b) linkage via triazine chloride; (c) conversion of terminal sug- 
ars to aldonates by Br 2 or I 2 oxidation, then coupling by a mixed-anhy- 
dride method or by a water-soluble carbodiimide; (d) coupling of terminal 
COOH groups via acyl azide, N-hydroxysuccinimide, water-soluble car- 
bodiimide, or mixed-anhydride methods; (e) coupling by reaction of hy- 
droxyl groups with succinic anhydride to introduce carboxyl groups that 
can be activated with N-hydroxysuccinimide or a carbodiimide to form 
amides with protein amino groups. 

Synthetic polymers provide a number of possibilities in design and 
structural variation for the production of effective drug-antibody conju- 
gates. Zaharko et al have discussed the synthesis of both low molecular 
weight and polymeric carriers and possible methods of their linkage to 
cancer chemotherapeutic agents. 11 Polyvinylpyrrolidone (PVP) is water 
soluble and nontoxic and has been investigated as such a carrier. It has 
been linked to proteins by partial hydrolysis to expose carboxyl groups, 
blocking of secondary amines by reductive methylation, and then car- 
boxyl activation with Af-hydroxysuccinimide and carbodiimides. The acti- 
vated PVP reacts with Ig amino groups at pH 8.5. 

In the "multicompartmented model" of polymer structure proposed 
by Ringsdorf, desired biological properties can be introduced by incorpo- 
ration of appropriate functional groups. 6 The polymer backbone can be 
rendered biodegradable in the lysosomal milieu, and, if necessary, "solu- 
bilizers," "spacers," and appropriate groups for coupling antibodies can 
be built into the polymer. However, the practical applicability of this 
concept has yet to be worked out, and one can visualize problems as 

51 J. D. Aplin and J. C. Wriston, CRC Crit. Rev. Biochem. 10, 259 (1981). 
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regards uniformity of the final product, reproductibility of the synthetic 
procedures, susceptibility to phagocytosis, and achieving transcapillary 
passage and access to the tumor site. 

Apart from synthetic polymers, use can be made of the high-affinity 
binding (K& = 10" 15 ) of the egg white glycoprotein, avidin (M r 67,000) 
with biotin to form intermediaries for coupling. Interestingly, only the 
intact ureido ring of biotin is required for this strong interaction involving 
the four tryptophan residues of each subunit of avidin. Thus, substitutions 
for linkage in both the partners are possible without interfering with the 
affinity of binding. In addition to its mannose, glucosamine, and oligosac- 
charide residues, avidin provides a number of other groups suitable for 
linkage using active esters or thiolated derivatives, glutaraldehyde, and 
water-soluble carbodiimides. 52 ' 53 Avidin linked to ferritin and various en- 
zymes is now commercially available. In principle, biotin can be bound to 
an immunoglobulin molecule through its oligosaccharide moiety in the Fc 
region for subsequent complexing with avidin, which has been linked to 
multiple drug molecules. In fact, Bayer and Wilchek have prepared a 
selection of biotinyl derivatives that can be covalently linked to a variety 
of functional groups including carboxyl, amino, thiol, imidazole, and phe- 
nol as well as sugar residues. Methods of preparation of these derivatives 
have been summarized 52 and N-hydroxysuccinimidobiotin (NHS-biotin) 
as well as a wide variety of biotinylated immunoglobulins, enzymes, and 
lectins are now commercially available from Vector Laboratories Inc., 
Burlingame, California. Philpott and colleagues were able to destroy se- 
lectively rat basophilic leukemia cells in vitro by exposing the cells first to 
a biotin-IgE conjugate followed by an avidin-glucose oxidase conjugate 
and the cof actors lactoperoxidase and iodide. VI ~ 19 

The role of spacers in the production of active drug antibody conju- 
gates has been investigated mainly with adriamycin and daunomycin. 
Spacers were designed to produce conjugates that would remain stable in 
the blood stream but release free drug in the lysosomal milieu. Thus 
linkage of daunomycin to wheat germ agglutinin via a Glc-S-Et-Arg-Leu 
arm 54 or to serum albumin via AT-L-leucyl-L-alanyl-L-leucyl or 7V-L-leucyl- 
L-alanyl-L-leucyl-L-alanyl arms 55 provided active cytocidal conjugates. 
Drug activity was lost if conjugation was directly (or via dipeptides) to 

52 E. A. Bayer and M. Wilchek, Methods Biochem. Anal. 26, 1 (1980). 

53 K. Hofmann, S. W. Wood, C. C. Brinton, J. A. Montibeller, and F. M. Finn, Proc. Natl. 
Acad. Sci. U.S.A. 77, 4666 (1980). 

54 M. Monsigny, C" Kieda, A. C. Roche, and F. Delmotte, FEBS Lett. 119, 181 (1980). 

55 A. Trouet, M. Masquelier, R. Baurain, and D. Deprez-De Campeneere, Proc. Natl. Acad. 
Sci. U. S. A. 79, 626 (1982). 
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this macromolecular carrier. The iV-cis-aconityl group was also an effec- 
tive spacer in producing active daunomycin poly-D-lysine conjugates. 50 

Modification of Agent, Intermediary, or Immunoglobulin for the 
Formation of Disulfide, Amide, and Diazo Linkages 

A disulfide linkage may be desirable and in some cases obligatory for 
obtaining biologically active conjugates. A variety of methods have been 
developed for introducing sulfhydryl and disulfide groups into reactants. 

SH groups can be directly introduced into reactants by reaction with 
S-acetylmercaptosuccinic anhydride (SAMS A). 56 Alternatively a disulfide 
may be introduced that is subsequently reduced to yield sulfhydryl groups. 
Disulfides used for this procedure include cystamine, VI " 9 N-succinimidyl- 
3-(2-pyridyldithiopropionate) (SPDP) 47 and 3,3'-dimethyldithiobispropio- 
imidate. VI " 15 These disulfide groups readily exchange with available sulf- 
hydryl. This approach has been used in several laboratories to produce 
chimeric toxins (see Table VI). For example, Gilliland et aL coupled 
cystamine to concanavalin A (Con A) using a carbodiimide. The Con A 
disulfide derivative was then mixed with diphtheria toxin A fragment 
bearing a free sulfhydryl group under conditions promoting disulfide ex- 
change to provide homopolymer-free conjugate in high yield. VI ~ 9 SPDP 
can also be used to cross-link two moieties, both lacking free SH groups, 
e.g., intact IgG (or Con A) with a toxin such as gelonin. One of the 2- 
pyridyl disulfide-substituted proteins is made to react either with 2-mer- 
captoethanol or dithiothreitol for reduction of the disulfide, and the conju- 
gate can then be formed by disulfide exchanged 1-1 i ' VM2 

In another method for conjugating two proteins both lacking in reac- 
tive sulfhydryl groups (e.g., horseradish peroxidase with IgG), King and 
colleagues 57 introduced sulfhydryl groups into one protein by reaction 
with 2-iminothiolane and 4-dithiopyridyl groups into the other protein by 
reaction with 2-iminothiolane in the presence of dithiodipyridine. The two 
modified proteins were then allowed to react to yield the conjugate and 4- 
thiopyridone. A different approach to preventing homodimer formation 
was used by Chang and Neville. They introduced S-sulfonate groups into 
one protein by amidinating available amino groups with methyl-5-bro- 
movalerimidate. The product was then converted into the S-sulforiated 
protein with Na 2 S 2 0 3 . Finally the sulfonated protein was incubated with 
the free sulfhydryl group containing diphtheria toxin fragment A or ricin 

56 E. S. Rector, R. J. Schwenk, K. S. Tse, and A. H. Sehon, J. Immunol Methods 24, 321 
(1978). 

57 T. P. King and I. Kochomain, J. Immunol. Methods 28, 201 (1979). 
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fragment A at 5° in the absence of oxygen. This procedure produced a high 
yield of desired conjugate without the formation of intramolecular cross- 
linkage or homopolymers. VI * 31 Masuho et al. incubated the S-sulfonated A 
fragment of diphtheria toxin with Fab'SH to obtain a good yield of 1 : 1 
conjugate^ 18 In a variation of this method, Yamaguchi et aL coupled 
B^'-di^thyldithiobispropionimidate to Con A, reduced the product, and 
blocked the resulting sulfhydryl groups with Ellman's reagent. The disul- 
fide derivative thus formed reacted easily with the sulfhydryl groups of 
the A fragment of ricin to form new S-S bonds with release of 3-nitro-4- 
carboxy thiophenol . VI " 1 8 

Amide linkages potentially susceptible to intracellular proteolytic 
action can be formed when carboxyl groups are present in one reactant 
and amino groups in the other (see Table III). If carboxyl groups are not 
present, various methods are available for their introduction. These have 
been discussed by Erlanger. 4 Examples include reaction of sulfhydryl or 
hydroxyl groups with bromo- or iodoacetic acid, hydroxyl or amino 
groups with succinic anhydride, guanidino groups with p-carboxyphenyl- 
glyoxal, carbonyl groups with 0-(carboxymethyl)hydroxylamine or hy- 
drazides, phenols or imidazoles with diazonium salts and addition to dou- 
ble bonds of mercaptocarboxylic acids. 

Azo bridges have been used to link two proteins by modification of 
amino groups. Miiller and Pfleiderer 58 selectively modified the amino 
groups of immunoglobulin and alkaline phosphatase by reaction with 4- 
hydroxyl-3-nitromethyl benzimidate hydrochloride followed by reduction 
and diazotization of one; of the proteins. During the subsequent produc- 
tion of an azo bridge, no intrinsic groups (with the possible exception of 
thiols) are involved, thus formation of homopolymers is avoided. Reac- 
tions are well controlled so that conjugates containing various ratios of 
ligands to immunoglobulins can be produced. In this model study, 
80-100% of antibody activity and 100% of enzymic activity could be 
retained in an IgG-alkaline phosphatase conjugate. 

Table V lists those low molecular weight chemotherapeutic agents that 
have been linked to immunoglobulins and outlines the method used in 
each case. Table VI presents this information for protein toxins and en- 
zymes. Examples will be found of linkage that is direct, via intermediaries 
as well as linkage that involves special modifications to agent or im- 
munoglobulin. a-Amanitin, not listed in the tables, has been linked to 
bovine serum albumin with retention of toxic activity. 59 An azo derivative 
of this bicyclic octapeptide was prepared that incorporated a spacer with 

58 J. Miiller and G. Pfleiderer, 7. AppL Biochem. 1, 301 (1979). 

59 J. F. Preston, R. S. Hencin, and E. J. Gabbay, Arch. Biochem. Biophys. 209, 63 (1981). 
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a terminal carboxyl group that could be used to form an amide bond with 
an amino group in the protein, i.e., diazotized p-aminobenzoyl glycylgly- 
cine was first allowed to react with a-amanitin and then the product was 
linked to bovine serum albumin by use of a water-soluble carbodiimide. 
This method should be applicable to immunoglobulins. 



Preparation of Antibodies and Fragments 

Preparation of antibody-linked cytotoxic agents entails production and 
selection of antibody (or fragments) on the basis of their specificity and 
affinity toward target tissues (e.g., tumors or thymocytes). For the treat- 
ment of cancer with antibody-linked cytotoxic agents, the carrier antibod- 
ies may be specific for an individual cancer, for tumors of a given histol- 
ogy, or for relatively nondiscriminating markers such as oncofetal 
antigens. To be effective for treatment with antibody-linked cytotoxic 
agents (i.e., immunochemotherapy), the target antigen must be accessible 
for binding with the conjugate. Various membrane-bound tumor-associ- 
ated antigens have been serologically defined for both experimental and 
human tumors. Human tumor markers or tumor-associated antigens 
(TAA) that have the potential to be clinically useful for immunoradioiso- 
topic imaging or immunochemotherapy have been discussed. 60 ' 61 

Appropriately purified conventional polyclonal antibodies as well as 
hybridoma-produced monoclonal antibodies can be used for linkage to 
cytotoxic agents. Ideally the antibody should have high specificity, high 
affinity, high purity, low immunogenicity, and resistance to denaturation 
during conjugation procedures. The high purity and homogeneity of 
monoclonal antibodies against tumor markers thus make them appear to 
be ideal for immunochemotherapy. However, to be effective, mono- or 
polyclonal antibodies must retain high specificity and affinity after linkage 
to cytotoxic agents. 

The methods of production of monoclonal antibodies against cell sur- 
face antigens are beyond the scope of this treatise. Recent issues of this 
series provides the details on the production of monoclonal antibodies 
based on hybridomas constructed with mouse myeloma lines and murine 
immune B cells. 6263 However, human myeloma cell lines are now avail- 
able, and methods have been developed for the production of monoclonal 

60 K. R. Mclntire, Cancer Res. 40, 3083 (1980). 

61 P. L. Wolf and D. Reid, in "Tumor Imaging: The Radioimmunochemical Detection of 
Cancer" (S. W. Burchiel and B. A. Rhodes, eds.), p. 5. Masson, Paris, 1981. 

62 G. Galfrd and C. Milstein, this series, Vol. 73, p. 3. 

63 B. A. L. Hum and S. M. Chantler, this series, Vol. 70, p. 104. 
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antibodies of a given antigenic specificity using human hybridomas. 64 Fol- 
lowing these methodologies, monoclonal antibodies against a number of 
human tumor-associated antigens (T A A) have been produced, e.g., leuke- 
mias and lymphomas, 65 colorectal carcinomas and gliomas, neuroblasto- 
mas, bronchial carcinomas, melanomas and sarcomas, 66-70 and carci- 
noembryonic antigens (CEA). 71 

Production of Conventional Polyclonal Antibodies against Human 
Tumor Markers 

With chemically characterized and highly purified human tumor mark- 
ers like CEA, prostatic acid phosphatase, etc., immunization of rabbits, 
goats, and other suitable animals can be carried out following standard 
procedures. 63 72 When antigens are available only in small amounts, effec- 
tive immunization can be achieved by multiple intradermal injections with 
small amounts of the antigen. 73 When well characterized and pure TAA 
preparations are not available, antibodies have to be produced by immuni- 
zation with dissociated tumor cells from fresh surgical specimens, cells in 
cultures, or TAA-containing fractions, i.e., 3 M KC1 extracts of tumor 
cells. 74 This procedure requires that the anti-TAA antibody molecules be 
separated from other immunoglobulins in the antiserum, particularly 
those elicited by normal tissue antigens contaminating the immunizing 
preparation. Their removal can be carried out by repeated absorptions 
with normal tissue preparations until specificity is established by demon- 
strating reactivity with immunizing tumor, but not with normal tissues 
from the tumor host or with histologically unrelated human tumors. 

Detailed procedures for the preparation and purification of goat and 
rabbit antibodies against human melanoma and renal cancer and for estab- 
lishment of their specificity can be found in publications from this labora- 
tory. 75 - 76 Briefly, viable tumor cells are mixed with 2 ml of Fruend's com- 

« L. Olson and H. S. Kaplan, Proc. Natl. Acad. Sci U. S. A. 77, 6841 (1980). 

65 J. Ritz and F. Schlossman, Blood 59, 1 (1982). 

66 Z. Steplewski, Transplant. Proc. 12, 384 (1980). 

67 R. C. Seeger, H. M. Rosenblatt, K. Imai, and S. Ferrone, Cancer Res. 41, 2714 (1981). 

68 M. J. Embleton, B. Gunn, V. S. Byers, and R. W. Baldwin, Br J. Cancer 43, 582 (1981). 

69 K. Sikora and R. Wright, Br. J. Cancer 43, 696 (1981). 

70 K. Sikora and J. Phillips, Br. J. Cancer 43, 105 (1981). 

71 G. T. Rogers, G. A. Rawlins, and K. D. Bagshawe, Br. J. Cancer 43, 1 (1981). 

72 M. W. Chase, in "Methods in Immunology and Immunochemistry" (C. A. Williams and 
M. W. Chase, eds.), Vol. 2, p. 209. Academic Press, New York, 1967. 

73 J. L. Vaitukaitis, this series, Vol. 73, p. 46. 

74 B. J. Takacs and T. Staehelin J. Immunol. Methods 2, 27 (1981). 

75 T. Ghose, S. T. Norvell, A. Guclu, and A. S. MacDonald, Eur. J. Cancer 10, 787 (1974). 

76 T. Ghose, P. Belitsky, J. Tai, and D. T. Janigan, J. Natl. Cancer Inst. 63, 301 (1979). 
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plete adjuvant (Difco Laboratories, Detroit, Michigan) and injected 
intramuscularly into adult animals (4 x 10 8 cells per animal). One week 
later, intramuscular injections are repeated without the adjuvant. Animals 
receive 10 subsequent injections of cells over a 5-week period. Three days 
after the final injection, animals are test-bled; after serial absorption as 
described below, the resulting sera are tested by immunofluorescence for 
specific antitumor activity. Animals whose sera show a titer of 1 : 64 or 
greater are bled to obtain the maximum quantity of immune serum. The 
serum is inactivated at 56° and repeatedly absorbed with group AB, Rh + 
red cells, and homogenates of pooled normal human liver, lung, spleen, 
and kidney. The absorptions are repeated until the serum will react only 
with the immunizing tumor cells, not with skin fibroblasts, peripheral 
blood lymphocytes, or other normal human tissues. These absorptions 
result in considerable loss of specific antibodies, and immunoglobulins 
that are not tumor specific still persist in the preparations. 

For further purification of such conventional anti-tumor antibody 
preparations, the IgG fraction from rabbit antisera or from mouse ascites 
fluid is isolated by protein A-Sepharose chromatography on DEAE- 
sephadex. 77 The IgG fraction can then be further purified by affinity chro- 
matography. Well characterized tumor-associated antigens such CEA 
have been immobilized on insoluble matrices and used for affinity chro- 
matography of anti-CEA IgG. 78 Preparations containing a high proportion 
of specific antibody molecules have been obtained by this method. When 
well characterized tumor-associated antigens are not available, fractions 
enriched in various tumor antigens (e.g. , a 3 M KC1 extract of tumor cells) 
have been coupled to Sepharose or agarose by established procedures 78 ' 79 
for the affinity purification. Conversely, affinity absorbants prepared from 
extracts of normal tissues have been used to remove contaminating anti- 
normal tissue antibodies from polyclonal antisera. However, this treat- 
ment will not remove contaminating antibodies of unrelated specificity 
originating in the rabbit or goat prior to immunization. 

An alternative method is based upon the use of intact tumor cells. 
After treatment of cells with glutaraldehyde or formaldehyde, they may 
be used to adsorb tumor- specific globulins, which are then eluted after 
washing to remove nonspecific globulins. The procedure has been de- 
scribed in detail by us. 80 

77 D. R. Stanworth and M. W. Turner, in "Handbook of Experimental Immunology" (D. M. 
Weir, ed.), p. 6. Blackwell, Oxford, 1978. 

78 F. J. Primus and D. M. Goldenberg, Cancer Res. 40, 2979 (1980). 

79 J. W. Goding, J. Immunol Methods 13, 215 (1976). 

80 A. Guclu, J. Tai, and T. Ghose, Immunol. Commun. 4, 229 (1975). 
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Production of Fab or Fab 2 Fragments 

The use of immunologically active fragments is likely to improve the 
transcapillary passage and diffusion properties of conjugates. Removal of 
the Fc moiety also renders immunoglobulins less antigenic and less likely 
to bind to cells that have Fc receptors (e.g. phagocytes). In the case of 
toxins, an interesting approach has been the coupling of the active A 
fragment of the toxin with Fab or Fab 2 moiety of specifically directed 
antibodies. 

Well-established procedures are available for obtaining the Fat>2 frag- 
ment from immunoglobulin by controlled pepsin digestion. 74 ' 78 ' 79 We use 
gel filtration and chromatographic techniques for isolation of Fab 2 and 
elimination of Fc. For application to mouse monoclonal antibodies, the 
enzymic digestion methods can be modified for mouse IgG, e.g., by using 
a longer digestion period with pepsin, as recommended by Casey and 
Tokuda. 81 In our laboratory, Fab 2 is obtained by digesting 50 mg of mono- 
clonal IgG with 1 .0 mg of pepsin in 0.2 M acetate buffer (pH 4.5) at 37° for 
44 hr. Peptic digestion is terminated by passing the reaction mixture 
through Sephadex G-150 equilibrated with 0.1 M PBS. The collected 
Fab 2 -containing fraction is chromatographed again on protein 
A-Sepharose to eliminate undigested IgG. Fab 2 is precipitated with am- 
monium sulfate, dialyzed against PBS, and stored at 4°. If the parent IgG 
belongs to the IgGl subclass, which does not consistently bind to protein 
A, gel filtration through Sephadex G-200 is a better method of resolving 
Fab 2 and IgG. 

Fab is obtained by digesting 50 mg of mouse monoclonal IgG with 1 mg 
of papain in 0.1 M Tris-HCl, pH 8, containing 0.02 M EDTA and 10 mM 
cysteine at 37° for 6 hr. Digestion is terminated by adding iodacetamide 
(30 mM). Fab is then isolated by column chromatography on protein 
A-Sepharose, which binds Fc and undigested IgG. Fab bearing a free SH 
group is obtained by reduction of Fafc^. 82 

The purity of Fab 2 and Fab can be established by demonstrating single 
bands of appropriate molecular weight on sodium dodecyl sulfate polya- 
crylamide gel electrophoresis and lack of reactivity against goat antibody 
to the Fc fragment of mouse IgG on Immunoelectrophoresis. 74 ' 79 

Purification and Characterization of Agent-Antibody Conjugates 

Low molecular weight unbound drugs, reactants, and side products 
can be removed from the high molecular weight conjugate-containing 

81 F. B. Casey and S. Tokuda, /. Immunol. 105, 1294 (1970). 

82 M. G. Mage, this series, Vol. 70, p. 142. 
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fraction by gel chromatography, dialysis, or ammonium sulfate fractiona- 
tion. This high molecular weight fraction will still contain any unreacted 
immunoglobulin, and in the case of a low molecular weight drug its resolu- 
tion from conjugate is difficult, so that efforts at further purification have 
not been made (Table V). In conjugating proteins (toxins, enzymes, etc.) 
of suitable size, the choice of an appropriate gel filtration medium can 
allow resolution of unreacted protein, unreacted immunoglobulin, and 
conjugated However, this technique is unlikely to resolve satisfactorily a 
mixture of various incorporation ratios of IgA 2 , IgA 3 , Ig 2 A, etc. If conju- 
gates with multiple incorporation ratios are formed, other methods, e.g., 
electrophoresis, may help in resolution. Agent-linked immunoglobulin 
molecules can be separated from unreacted immunoglobulins by affinity 
chromatography using immobilized ligands with affinity for agent, e.g., 
antibody against toxins or low molecular weight drugs; dihydrofolate re- 
ductase, which binds MTX; 83 or Poropak Q, which specifically binds 
adriamycin and daunomyciri. The use of radioimmunoassay has led to the 
availability of antibodies of high specificity and affinity against a wide 
variety of drugs. This should encourage and use of affinity techniques for 
purification of drug conjugates. 

Conjugates thus purified will always contain both antigen-specific and 
irrelevant immunoglobulin molecules if synthesized with conventional an- 
tibody preparations. Antigen unreactive molecules may also arise as a 
result of denaturation or blocking of the binding sites of either conven- 
tional or monoclonal antibodies. Antigen-specific conjugates can be ob- 
tained by affinity techniques using immobilized antigens or whole cells 
bearing accessible antigens, e.g., chromatography on a column of DNP- 
agarose (Table VI) of anti-DNP antibody conjugated to diphtheria toxin. 
Thus, in principle, by application of these methods it should be possible to 
purify conjugates so that the final preparations contain only immunologi- 
cally active immunoglobulins that incorporate the agent. The molar in- 
corporation of agent in immunoglobulin can be determined by various 
standard methods, such as isotope incorporation and absorption 
spectrophotometry, if the agent has a suitable chromophore group. 63 ' 74 V 5 
Even if the spectrum of the agent overlaps that of the immunoglobulin, 
difference spectrophotometry can allow a reasonably accurate determina- 
tion of incorporation.^ 10 - 19 If the functional group in the immunoglobulin 
used for coupling is readily estimated (e.g., free amino groups by trinitro- 
benzene sulfonic acid, or carboxyl groups by a carbodiimide-based 
method), that group can be measured before and after coupling so that the 
difference gives an estimate of groups occupied in coupling. 

83 B. T. Kaufman, this series, Vol. 34, p. 272. 
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In the case of proteins conjugated to immunoglobulins, determination 
of the molecular weight of the conjugate by disc gel electrophoresis pro- 
vides an indication of the extent of incorporation. Also, the protein can be 
dissociated and assayed directly if the linkage is by a disulfide bndge. 
These measurements, however, do not necessarily indicate the amount of 
active or potentially active agent in the conjugate. The rationale for assay 
of the activity of an agent in conjugated form should be based upon its 
presumed mechanism of anti-tumor action. For example, we assay conju- 
gates containing alkylating agents (e.g. chlorambucil and Trenimon) by a 
colorimetic procedure based on the alkylation of nitrobenzyl pyndine 
(Table V). The potential activity of conjugated diphtheria toxin can be 
determined by measuring ADP-ribosylation activity after dissociation 
with dithiothreitol (Table VI). Methotrexate can be determined using di- 
hydrofolate reductase/" 5 either by activity measurements or direct bind- 
ing, and intercalating agents such as adriamycin can be assayed for DNA 
binding. 84 However, lack of activity of a conjugated agent measured by 
such assay procedures carried out on an intact conjugate will not exclude 
anti-tumor action in vivo if active drug can be released from protein by 
enzymic cleavage and/or degradative action at the tumor site. Alterna- 
tively, the conjugate may have a mode of action different from that of the 
free drug. That is why it is necessary to carry out a comparative analysis 
of tumor inhibition in vitro and in vivo caused by free drugs, antibody , and 
conjugates. Only by systematic study of conjugated agents can guiding 
principles emerge for the synthesis of optimally active conjugates. Fur- 
thermore, the results obtained should be useful in elucidating the mecha- 
nism of action of conjugated agent. 

Assay of Conjugates for Retention of Antibody A ctivity 

It is useful initially to assess the effect of coupling procedures and 
extent of incorporation on the retention of antibody activity by coupling 
the agent to antibodies against well defined antigens, such as BSA or 
ovalbumin, that are readily amenable to quantitative analysis. Retention 
of antibody activity should be measured as a function of the extent that 
the active drug is incorporated in the conjugate. The most promising 
coupling method emerging from these model studies can then be applied 
to antibodies against cell constituents. 

During studies of drug binding employing well-defined antigens, we 
have generally used radial immunodiffusion because of its ease and sim- 
plicity/" 5 A conjugate is compared with equimolar amounts of unreacted 

» Y. J. Schneider, R. Baurain, A. Zenebergh, and A. Trouet, Cancer Chemother. Pharma- 
col. 2, 7 (1979). . 
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immunoglobulin, and of immunoglobulin exposed to the coupling reaction 
conditions with the drug omitted. Under conditions where antigen-anti- 
body reactions are not likely to produce visible precipitates, including 
assay of Fab, other appropriate procedures can be selected from among 
well-established methods, such as those involving labeled antibodies, cy- 
totoxicity, and hemagglutination. 63 ' 74 The specific binding of conjugates 
made with antibodies against cell-surface antigens to the surface of viable 
or stabilized tumor cells can be monitored by membrane immunofluores- 
cence 75 ' 76 or by using labeled anti-immunoglobulins or protein A. 63,74 Ei- 
ther radioisotopes or indicator enzymes 85 can be used for such labeling. 

Comparison of Different Methods of Linkage of Drugs to 
Immunoglobulins 

Studies on the comparison of different linkage methods in the same 
immunoglobulin-ligand system are rare. Sela's group compared three 
different methods of linkage of daunomycin to IgG using glutaraldehyde 
(Michael-type adduct), periodate borohydride (secondary amine), and a 
water-soluble carbodiimide (amide). The periodate-borohydride method 
(which cleaves the bond between C-3 and C-4 of the amino sugar of 
daunomycin) was reported to give the greatest retention of drug and anti- 
body activities in the conjugate.^ 22 However, in light of more recent 
results, this conclusion is now open to question. Hurwitz et al. coupled 
daunomycin to an antimouse lymphoma IgG via a dextran bridge, using 
periodate-oxidized dextran, which was subsequently reduced "with an 
amount of sodium borohydride in small excess over the total amount of 
oxidized groups of the polyaldehyde dextran/' v ~ 22 This ternary conjugate 
was found to be a superior tumor inhibitor compared to the free drug. v ~ 29 
In a more recent publication^ 30 they also reported binding daunorubicin 
via its keto group to soluble v 34 macromolecular hydrazide derivatives of 
carboxy methyl dextran, polyglutamate, alginic acid and carboxy methyl 
cellulose using several reversible as well as a nonhydrolyzable bond. The 
latter was achieved by condensation of 14-bromodaunorubicin with mer- 
capto-2-hydroxy propyl dextran. Daunorubicin attached to carriers by the 
nonhydrolyzable bond did not show any tumor inhibitory effect in vitro or 
in vivo. Macromolecular hydrazides, i.e. polyglutamyl hydrazide, po- 
lyglutamyl (hydrazide-3-hydroxylpropylamide), and carboxymethyl dex- 
tran hydrazide substituted with daunorubicin were covalently linked to a 
goat antimouse lymphoma IgG by periodate oxidation of the vicinal diols 
of Ig carbohydrate residues both with and without subsequent reduction 
with sodium cyanoborohydride to convert the hydrolyzable hydrazone 

85 J. E. Butler, this series, Vol. 73, p. 482. 
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bonds into stable hydrazido groups. However, there were considerable 
problems involving the precipitation of the final products, and no biologi- 
cal testing was done. v - 30 

In our laboratory, incubation of periodate-oxidized dextran T40 with 
adriamycin yielded a dextran-linked drug product that was stable to gel 
filtration or repeated dialysis. Further incubation of this product, (which 
still contained free aldehyde groups) with rabbit anti-BSA IgG produced a 
ternary conjugate incorporating at least 40 mol of drug per mole of IgG 
with retention of at least 70% of antibody activity. The ternary conjugate 
could be separated from unbound dextran and IgG after gel filtration 
through a Sepharose CL-6B column. Unbound adriamycin was removed 
by dialysis prior to gel filtration. Adriamycin-containing conjugates were 
tumor inhibitory both in vivo and in vitro. v ' 24 However, borohydride re- 
duction of adriamycin-dextran or the ternary conjugate completely abol- 
ished the anti-tumor action of adriamycin. We also failed to observe any 
consistent tumor inhibition by adriamycin linked directly to immunoglob- 
ulins by the periodate borohydride method. The most recent report from 
Sela's group V 3 ° and the reports that daunorubicin macromolecular conju- 
gates were cytotoxic only when they were coupled to macromolecular 
carriers via spacers that could release free drug in the lysosomal mi- 
lieu, 50 ' 54,55 support the postulation that only hydrolyzable bonds can pro- 
duce active conjugates of daunomycin and adriamycin. 

In our laboratory we have compared three different methods (all pre- 
dicted to produce amide bonds) for coupling MTX to IgG. v 5 In two meth- 
ods, NHS and mixed anhydride-produced intermediate derivatives were 
used for coupling to avoid homopolymer formation. In a third method, 
ECDI was used for linkage. Our results showed that the NHS-mediated 
method was the most effective as regards retention of drug and antibody 
activities and recovery of conjugate. Treatment of MTX with acetic anhy- 
dride to prepare the mixed anhydride inactivated the drug. 20 

In a study on tumor inhibition in vivo by chlorambucil linked to an 
anti-tumor IgG preparation by covalent and noncovalent bonds, superior 
tumor inhibition was observed with the noncovalent conjugate/' 10 War- 
zynski et al. has reported that conjugation of triaziquinone (Trenimon) to 
IgG by a thiolation procedure V 21 is more reproducible and reliable method 
than that involving dithiothreitol-induced reduction of IgG introduced by 
Linford et a/. v " 18 

Studies on chimeric toxin molecules suggest that the toxin A chain 
must be linked to the carrier molecule by a disulfide bond, so that the 
toxin moiety can be cleaved free in the cytoplasm of the target cell. 
However, selective toxicity has also been observed with conjugates in 
which linkage was effected via thioether or alkyl bonds (Table VI). It has 
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also been postulated that a hydrophobic sequence 86 may play a role in 
uptake or toxin entry. Further studies on linkage parameters for toxins 
are necessary. 

Avrameas and Ternynck have compared several methods used for 
conjugation of peroxidase and /3-galactosidase to IgG (or Fab') for use as 
immunochemical reagents. Hydrophobic cross-linking reagents, such as 
toluene diisocyanate and cyanuric chloride, gave low yields of conjugates 
that were more susceptible to nonspecific binding to tissues or deteriora- 
tion on storage as a result of the introduction of hydrophobic groups. 
These reagents as well as diazonium salts and carbodiimides also ad- 
versely affected the activity of many enzymes, causing either immediate 
loss or instability in the conjugated form. Dimaleimides also gave low 
yields of conjugates. In the case of peroxidase, glutaraldehyde and m- 
periodate produced homogeneous conjugates of comparable activity, and 
m-periodate usually gave a high yield of conjugate. 12 * 87 

86 D. B. Cawley, H. R. Herschman, D. G. Gilliland, and R. J. Collier, Cell 22, 563 (1980). 

87 D. M. Boorsma and J. G. Streefkerk, J. Immunol. Methods 20, 245 (1979). 



[21] Preparation and Application of Antibodies Coupled to 

the A Chain of Ricin 

By K. A. Krolick, J. W. Uhr, and E. S. Vitetta 



There have been numerous reports describing the selective cytotoxic- 
ity of a variety of normal and neoplastic cells by toxic peptides that have 
been covalently coupled to specific antibodies. The synthesis and applica- 
tions of such antibody-toxin conjugates have been reviewed. 1 ' 2 

Ricin is an example of a toxin that has been used in this manner. Ricin 
is obtained from castor beans and is composed of two 3 x 10 4 dalton 
polypeptide chains bridged by a disulfide bond. 3 One chain (the B chain) 
has binding specificity for galactose and is responsible for the binding of 
the toxin to the surface of ricin-sensitive cells. Once bound, the other 
peptide chain (A chain) enters the cytoplasm and catalytically and irre- 
versibly inhibits protein synthesis. By replacing the B chain with a spe- 
cific antibody, one can create a hybrid toxin with a new target specificity. 

1 Immunological Reviews, Vol. 62 (1981). 

2 S. Olsnes and A. Pihl, Pharmac. Ther. 15, 355 (1982). 

3 S. Olsnes and A. Pihl, Recept. Recognition. Ser. B 129 (1976). 
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(57) Abstract 



A process for inhibiting growth of a target cell comprising administering to a host or to a target cell or virus a biologically 
active peptide which includes one of the following basic structures: R r R r R2-R r R,-R 2 -RrRi-Ri-R7-R7-Ri-R^R7* 
R r R r R r R r R r R r R r R r R r R r R r T r R r R i; or R 1 -R r RrRi-RrR2-RrRrR2-R2-RrRrRrRi"RrRrRrRi, wherein 
Ri is a hydrophobic amino acid, and R 2 is a basic hydrophilic or neutral hydrophilic amino acid. A preferred peptide is of 
structural formula (I). Substituti n and deletion anal gues f this peptide can be prepared that have increased biological ac- 
tivity. Such peptides can be employed as pharmaceuticals. 
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AMPHIPHILIC PEPTIDE COMPOSITIONS AND 
ANALOGUES THEREOF 



This invention relates to biologically active 
amphiphilic peptides. More particularly, this 
application relates to biologically active amphophilic 
peptides useful in pharmaceutical compositions and to 
10 analogues of a biologically active amphiphilic peptide 
wherein at least one amino acid residue in the peptide 
has been substituted with another amino acid residue, 
with said analogues being commonly referred to as 
"substitution analogues.** 

15 In accordance with an aspect of the present 

invention, there is provided a process for inhibiting 
growth of a target organism such as a cell or virus 
which comprises administering to a host a biologically 
active amphiphilic peptide of the following structural 
20 formula: 

I^-R 1 -^-R 1 -R 1 -R 2 -R 2 -R 1 - Rl - R2 - R2 . Ri . K2 . R2f 
wherein R, is a hydrophobic amino acid, and Rj is a 
basic hydrophilic or neutral hydrophilic amino acid. 
The peptide is administered to the host in an amount 
25 effective to inhibit growth of a target cell or virus. 

The hydrophobic amino acids are selected from 
the group consisting of Ala, Cys, Phe, Gly, lie, Leu, 
Met, methionine sulfoxide, Val, Trp, and Tyr. 

The basic hydrophilic amino acids are selected 
30 from the group consisting of Lys, Arg, His, orn, 

homoarginine (Har), 2,4-diaminotoutyric acid (Dbu), and 
B-aminophenylalanine . 

The neutral hydrophilic amino acids aree 
selected from the group c nsisting of Asn, Gin, Ser, and 
35 Thr. 
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In accordance with one embodiment, R, is 
leucine. In accordance with another embodiment, is 
lysine. 

In a preferred embodiment, the peptide is of 
5 the following structure (I) : 

I. LeiiLeuLysLeuLeuLysLysLeuLeuLysLysLeiiLysLys 
5 10 
(SEQ ID N0:l) 

In accordance with another aspect of the 
10 present invention, there is provided a process for 

inhibiting growth of a target organism such as a cell or 
virus which comprises administering to a host a 
biologically active amphiphilic peptide of the following 
structural formula: 

wherein R, and Rg are as hereinabove 
described. The peptide is administered to the host in 
ah amount effective to inhibit the growth of a target 
cell or virus. 

20 In a preferred embodiment, the peptide is of 

the following structure (II): 

II • LysLeuLeuLysLysLeuLysLysLeuLeuLysLysLeuLeu 

5 10 

(SEQ ID NO: 2) 

25 Peptides I and II are further described in 

Houghten, et al., BioChromatocrraphY ff Vol. 2, No. 2, pgs. 
80-83 (1987) . 

Host preferably, Peptides I and II are 
acetylated with a CHjCO-group at the N-terminus, said 

30 CH 3 CO-group being hereinafter indicated by the letter X. 

In accordance with yet another aspect of the 
present invention, there is provided a biologically 
active amphiphilic peptide of the following structural 
f rmula: 
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10 



30 



35 
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VVVVVV*-VVVVVVVVVV*i» wherein 
R, is a hydrophobic amino acid, and Bg is a basic 

hydrophilic or neutral hydrophilic amino acid as before 
defined. 

Preferably, the peptide is acetylated with a 
CB,CO-group at the N-terminal, said CHjCO-group being 
represented herein by the letter X as hereinabove 
described. 

Most preferably, the peptide is of the 
following structure (III) , and acetylated at the 
N-terminus: 

III. X-LeuLysLeuLeuLysLysLeuLeuLysLysLeuLysLys 

5 10 
LeuLeuLysLysLeu 
15 15 

(SEQ ID NO: 3) 

In accordance with another aspect of the 
present invention, there is provided a compound 
comprising an analogue of Peptide III, said peptide 
being in an amide-or carboxy-terminated (preferably 
amide-terminated) form. The Peptide III, also 
hereinafter sometimes referred to as the "parent 
peptide", is represented by the following structural 
formula, and the numbers below each amino acid residue 
refer to the position of the residue in the peptide. 
LeuLysI*ul«uLysLysLeuI«uLysLysLeuLysLysI«uLeuLysLysLeu 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
(SEQ 10 NO: 3) 

The parent peptide is substituted in at least 
one of positions 1, 3, 4 and 7-18 as follows: 
Res i due Wo , t substitu^ 
1 Methionine sulfoxide, Lys, or Met 

3 Methionine sulfoxide, Lys, or Met 

* M thionin sulf xide, Lys, Met, 

His, Ser, r Arg 
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7 Methionine sulfoxide, Lys, or Met 

8 Methionine sulfoxide, Lys, or Met 

9 Methionine sulfoxide 
10 Methionine sulfoxide 

5 11 Methionine sulfoxide. Met, Ser, 

Lys, Arg, His or Gly 

12 Methionine sulfoxide 

13 Methionine sulfoxide, or Met 

14 Methionine sulfoxide, Lys, or Met 
10 15 Methionine sulfoxide, Lys, or Met 

16 Methionine sulfoxide 

17 Methionine sulfoxide 

18 Methionine sulfoxide, or Met 

15 In accordance with one embodiment, at least 



one of amino acid residues 1, 7, 8, 11, 14, 15, and 18 
can be substituted with methionine sulfoxide. 

In accordance with another embodiment, at 
least one of amino acid residues 1, 7, 8, 14, 15, and 18 
20 can be substituted with a methionine residue* 

In accordance with yet, another embodiment, at 
least one of amino acid residues 4, 7, 8, 11, and 14 can 
be substituted with a lysine residue. 

In accordance with a further embodiment, amino 
25 acid residue 4 is substituted with a lysine residue, and 
amino acid residue 11 is substituted with a methionine 
residue. 

In accordance with another embodiment, at 
least one of amino acid residues 4 and 11 can be 
30 substituted with an arginine residue. 

In accordance with yet another embodiment, at 
least one of amino acid residues 4 and 11 can be 
substituted with a histidine residue. 

In accordance with another emb diment, amino 
35 acid residue 11 is substituted with a glycin residu ♦ 
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Applicants have found that when employing the 
substitution analogues of the parent peptide having the 
structural formula hereinabove described, such peptides 
display biological activity about equal to or greater 
than the parent. Such peptides are referred to as 
"successful substitution analogues". 

As used herein, the term "substitution 
analogue" includes the parent peptide having the 
structural formula hereinabove described in which at 
least one amino acid residue of the peptide structure 
has been substituted with a different amino acid 
residue. 

In accordance with another aspect of the 
present invention, there is provided a compound 
15 comprising an analogue of the parent peptide hereinabove 
described, said peptide being in an amide- or carboxy- 
terminated (preferably amide-terminated) form, wherein 
at least one of the amino acid residues l through 7, 9, 
11, 12, 14, 16 or 18 is deleted from the parent peptide. 
In one embodiment, at least one of amino acid residues 
3, 7, ii, 14 or 18 is deleted from the parent peptide. 
In other embodiments, amino acid residues 1 through 3, l 
through 4, 1 through 5, l through 6, and 1 through 7 are 
deleted from the peptide. 

Applicants have found that when employing the 
deletion analogues of the parent peptide having the 
structural formula hereinabove described, such peptides 
display biological activity equal to or greater than the 
parent. Such peptides are referred to as "successful 
30 deletion analogues". 

As used herein, the term "deletion analogue" 
includes the parent peptide having the structural 
formula hereinabove described in which at least one of 
the amino acid residues of the peptid structur has 
35 been del ted from the p ptide. 
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In accordance with a further aspect of the 
present invention, there is provided a biologically 
active amphiphilic peptide which includes the following 
structural formula Y 10 : 

5 R^ — ^2™^2™"R^ "*^2 — ^2* *^2 — ^1 ~^2 — ^2"*^1 ' 

wherein R, and Rj are as hereinabove 

described. 

In one embodiment, the peptide can include the 
following structure: 
10 Y io~ z io' wherein Y 10 is as hereinabove 

described, and Z 10 is: 

(i) V 
(ii) Rg-V or 
(iii) Rj-R^R,. 
15 In one embodiment, the peptide has the 

following structural formula: 
LeuLeuLysLysteuLysLysI^uLeuLysLys 

5 10 15 

(SEQ ID NO:4) 

20 The peptides hereinabove described may be 

acetylated with a GHjCO-group at the N-terminal, said 
CHjCO-group being indicated by the letter X as described 
herein. 

The use of the hereinabove described peptides, 
25 which also includes Peptide III having substitution (s) , 
or deletion (s) of amino acid residues, in accordance 
with the present invention, is effective as an 
antibiotic, and can be employed to inhibit, prevent or 
destroy the growth or proliferation bf microbes, such 
30 as bacteria, fungi, viruses, or the like. Similarly, 
such compounds can be employed as an anti-viral 
composition to inhibit, prevent or destroy the growth or 
proliferation of viruses. 
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Such peptides can also be employed as a 
spermicide to inhibit, prevent or destroy the motility 
of sperm. 

Such peptides can also be employed as anti- 
5 tumor agents to inhibit the growth of or destroy tumors, 
including cancer cells. 

The peptides can also be employed as anti- 
parasitic agents to inhibit the growth of proliferation 
of or destroy parasites. 
10 Peptides have a broad range of potent 

antibiotic activity against a plurality of 
microorganisms (target organisms) , including Cram- 
positive and Gram-negative bacteria, fungi, protozoa, 
parasites and the like. Such compounds can be employed 
for treating or controlling microbial infection caused 
by organisms which are sensitive to such compounds. 

The peptide of the present invention can also 
be employed in promoting or stimulating healing of a 
wound in a host. 

The term "wound healing" as used herein includes 
various aspects of the would healing process. These 
aspects include, but are not limited to, increased 
contraction of the wound, increased deposition of 
connective tissue, as evidenced by, for example, 
25 increased deposition of collagen in the wound, and 
increased tensile strength of the wound; i.e., the 
peptides increase wound breaking strength. The 
peptides of the present invention can also be employed 
so as to reverse the inhibition of wound healing caused 
30 by a depressed or compromised immune system. 

The compositions of the present invention can 
also be used in the treatment of external burns and to 
treat and/or prevent skin and burn infect! ns. m 
particular, the comp siti ns may be used t tr at skin 
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and burn infections caused by organisms such as, but 
not limited to, P. aeruginosa and S. aureus . 

The peptides of the present invention can be 
used in the treatment of external burns and to treat 
5 and/or prevent skin and burn infections. In particular, 
the peptides can be used to treat skin and bum 
infections cause by organisms such as, but not limited 
to, P. aeruginosa and S. aureus. 

The peptides are also useful in the prevention 

10 or treatment of eye infections. Such infections can be 
caused by bacteria such as, but not limited to, 
aeruginosa, S. aureus, and N. gonorrhoeae, by fungi such 
as but not limited to C. albicans and A. fumioatus . by 
parasites such as but not limited to A, castellan! . or 

15 by viruses. 

The peptides can also be effective in killing 
cysts, spores, or trophozoites of infection-causing 
organisms. Such organisms include, but are not limited 
to Acanthamoeba which forms trophozoites or cysts, 

20 albicans, which forms spores, and A. fumioatus. which 
forms spores as well. 

The peptides can also be used as preservatives 
or sterilants for materials susceptible to microbial 
contamination. In vitro activity against bacteria is 

25 exemplified hereinafter in Examples 3-9 and 11-12. 

The peptides can also be administered to 
plants in order to inhibit or destroy the growth or 
proliferation of plant pathogen target organisms such as 
microbes, bacteria, viruses, or parasites, fungi, cysts, 

30 or spores. 

The peptides of the present invention can be 
administered to a target cell or host by direct or 
indirect application. For example, the peptide may be 
administ red topically r systemically. 
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The p ptidea of the present Invention can be 
administered to a host in particular an animal, in an 
effective antibiotic and/or anti-tumor and/or anti-viral 
and/or anti-parasitic and/or antimicrobial and/or a 
spermicidal amount; i.e., a growth inhibiting amount. 

In general, the peptide is administered in a 
dosage of from about 0.1 mg to about 500 mg per kilogram 
of body weight, when administered systemically. When 
administered topically, the peptide is used in a 
concentration of from about 0.05 percent to about 5 
percent. 

The peptides, in accordance with the present 
invention, can be employed for treating a wide variety 
of hosts, in accordance with a preferred embodiment, a 
15 host can be an animal, and such animal can be a human or 
non-human animal. 

The peptides can be employed in a wide variety 
of pharmaceutical compositions such as, but not limited 
to, those described in Remington's Ph a m,„«Ain-^ n1 
20 Sciences , 16th edition, A.Osol, ed.. Mack Publishing 

Company, Easton, Pa. (1980) , in combination with a non- 
toxic pharmaceutical carrier or vehicle such as a 
filler, non-toxic buffer, or physiological saline 
solution, such pharmaceutical compositions can be used 

25 topically or systemically and can be in any suitable 
form such as a liquid, solid, semi-solid, injectable 
solutions, tablet, ointment, lotion, paste, capsule or 
the like. Such peptides can also be used in 
combination with adjuvants, protease inhibitors, or 

30 compatible drugs where such a combination is seen to be 
desirable or advantageous in controlling infection 
caused by harmful microorganisms including protozoa, 
viruses, parasites, and the like. 

The p ptides, wh ther substituted r 

35 unsubstituted, of the pres nt invention, (b th amide- 
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and carboxy-terminated) can be synthesized by any 
convenient method of peptide synthesis as are well-known 
to skilled workers. Solid phase synthesis methods are 
particularly preferred. 
5 Although the scope of the present invention is 

not intended to be limited to any theoretical reasoning/ 
the peptides may be induced into an amphipathic 
ce-helical configuration, which is reported to be an 
element responsible for the activity of known 

10 antimicrobial peptides. 

The peptides described herein were prepared by 
the method of simultaneous multiple peptide synthesis 
(SMPS) • This method is described in detail in Hough ten, 
"General Method for the Rapid Solid-Phase Synthesis of 

15 Large Numbers of Peptides; Specificity of Antigen- 
Antibody Interaction at the Level of Individual Amino 
Acids," Proc. Natl, Acad. Scl. . U.S.A.. Vol. 82, pgs. 
5131-5135 (1985), in Houghten et al. "Simultaneous 
Multiple Peptide Synthesis; The Rapid Preparation of 

20 Large Numbers of Discrete Peptides for Biological, 
Immunological, and Methodological .Studies" , Peptide 
Chemistry , pgs. 295-298 (1987), and in U.S. Patent No. 
4,631,211, which is hereby incorporated by reference. 

The peptides can also be synthesized through 

25 genetic engineering techniques. Thus, it is 

contemplated that within the scope of the present 
invention, there may be provided DNA which encodes any 
of the hereinabove described peptides, and it is 
contemplated that the peptides may be administered to a 

30 host by administering DNA which encodes one of the 
hereinabove described peptides. 

It is also contemplated within the scope of 
the present invention to provide a plant which is 
gen tically engineered with DNA which encod s one of the 
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hereinabove described peptides, whereby such peptide is 
expressed by the plant. 

For purposes of the following examples, 
substitution analogues of the parent peptide hereinabove 
described were prepared wherein various amino acid 
residues were substituted. 

Por purposes of comparison, a complete parent 
peptide of the. structure hereinabove described can also 
be prepared by the SMPS method. 

The invention will now be described with 
respect to the following examples; however, the scope of 
the present invention is not intended to be limited 
thereby. 

example I - Peptide Synthesis 

Peptide synthesis of the parent peptide (SEQ 
ID NO: 3) hereinabove described and its substitution and 
deletion analogues, and of Peptide I (SEQ ID NO:l) as 
hereinabove described, was accomplished by using the 
strategy of simultaneous multiple peptide synthesis. 
All solvents and reagents were of. analytical grade and 
were used without further purification, standard N-t- 
Boc-protected amino acids were employed in the 
synthesis. The side chain functionalities used were 
benzyl (Ser) when serine is employed in the peptide 
structure, 2-C1-Z (Lys) (Z-benzyloxycarbonyl) , N ta -DNP 
(His) when histidine is included in the peptide 
structure, and sulfoxide (Met). Peptide synthesis was 
performed beginning with 100 mg of either Boc-amino 
acids-Pam resin to produce C-terminal carboxyl peptide 
(Pam purchased from Applied Biosystems, substitution 
0.56 meg/gm in an amino acyl-4-[oxymethyl]phenylacetic 
acid derivative of amino polystyrene) or 
methylbenzhydrylamine (MBHA) r sin (substituti n-0.65 
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meq/gm) per resin packet to produce C-terminal amide 
peptide. 

After removing the final Boc-group and 
neutralizing the salt of the a-amino group, 
5 N-acetylation is carried out in the same manner as a 
coupling step. Instead of an amino acid, 0.3 M 
acetylimidazole (C^H^O) in methylene chloride (CHjClg) 
is reacted with the free N-terminal group without adding 
any activator. 

10 After synthesis, completely protected peptide 

resins were treated three times with 0.5 M thiophenol in 
DMF to remove the Nim- dinitrophenyl group from 
Histidine when histidine is included in the peptide 
structure. The final Boc-group was removed with TFA to 

15 avoid t-butylation of methionyl residues during final HF 
treatment when methionine is included in the peptide 
structure. Cleavage was performed using the Low-High HF 
procedure. When methionine is part of the peptide 
structure, one may elect not to cleave the sulfoxide 

20 group from the methionine residue (s), thus resulting in 
a peptide which includes methionine sulfoxide 
residue (s). Tarn et al., J. Am. C hf*fl T g? e - Vol. 105, p. 
6442 (1983). For peptides synthesized on Pam resin, 
the low-HF was carried out without removing the resin 

25 from the packet, using a multiple vessel HF apparatus 
for two hours at 0°C. For peptides prepared using MBHA 
resin, the low HF procedure was performed in a common 
reaction vessel for two hours at 0°C. For Pam resin 
peptides, the low-HF mixture was evacuated from the 24 

30 individual reaction vessels by a water aspirator 

followed by a mechanical pump. The low-HF reaction 
vessel containing the bags with MBHA resin was emptied 
of the low-HF mixture by pouring off the liquid into a 
waste c ntainer. The bags were wash d immediately with 

35 c Id eth r followed by alternating washes f CH 2 C1 2 , 
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DMP, CHgClj, IPA, CH 2 C1 2 . The packets were then dried 
and put into individual tubes of the 24 vessel HF 
apparatus with 0.7 ml of anisole as scavenger. The 
high-HP was performed by condensing dry hydrogen 
fluoride at -70°c. The reaction took place at -10°C for 
one hour and -5°C-0°C for the last 30 minutes. HP was 
evaporated using a strong flow of nitrogen. Finally, 
residual carbonium ion scavengers were removed by 
washing with dry ether. 

The crude peptides were subsequently extracted 
with 10 percent acetic acid and subjected to RP-HPLC on 
an analytical reversed phase column (Vidac ODS 25 cm x 
4.6 mm), using a Beckman-Altek Model 421 HPLC system and 
two model llOA pumps. The solvent system was composed 
15 of buffer A, 0.05 percent TFA/H20, and buffer B, 0.05 
percent TFA/CH3CN with a flow rate of 1.0 ml/min. The 
peptides were detected at 215 run using a Hitachi 100-20 
spectrophotometer. 

Purification of the peptides was accomplished 
by reverse-phase HPLC on a Vidac C18 (22 mm x 25cm) , 
lOjun packing column with an eluting gradient composed of 
CH3CN and 0.05 percent TFA. Amino acid analysis was 
carried out on a Beckman 6300 analyzer following 
hydrolysis of the peptides in constant (boiling) 6 N HC1 
25 at 110°C for 24 hours, and such analysis was within ±10 
percent of theory. 

BXflffiPle 2 - Antimicrobial Assays and Hemolytic Activity 
For the following Examples 3-9, antimicrobial 

30 assays were carried out in 96-well tissue culture 
plates. Each well was incubated with a given 
microorganism (Escherichia coU, staphylococcus 
CPiflermiflis , or Pseudomonas aeruginosa) suspended in LB 
medium. Up n the additi n f the parent p ptide having 

35 the structural f rmula her inabove d scribed, or its 
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substitution analogues, or of Peptide X (dissolved in 1 
X PBS, pH 7.0) each veil contained a final cell density 
of 1.0 x 106 colony forming units (CFU)/ml. The final 
peptide concentrations ranged from 1.5 fig/nl to greater 
5 than 100 fig/ml. 

Addition of peptides to the wells was defined 
as time zero. At twenty hours, the plates were placed 
in a Titertek Multiskan apparatus and the O.D.620 
determined. The plates as well as the initial innoculum 

10 were incubated at 37°C 

Five wells per plate contained media alone, 
while five others contained medium plus cells. These 
controls were used to eliminate the possibility of media 
contamination while providing a measure of uninhibited 

15 --growth of the microorganisms . 

The degree of peptide activity was determined 
by comparing the substitution analogues with uninhibited 
growth of the control cells over a twenty-hour period. 
The effective growth inhibition of the substitution 

20 analogues is listed in the examples and tables below. 

The hemolytic activity of the parent peptide 
and its substitution analogues and of Peptide I was 
examined with human red blood cells. Ten til of blood 
were suspended in isotonic PBS buffer (pH 7) to reach a 

25 concentration of 2 percent of cells in PBS, followed by 
the addition of the peptide to reach a final volume of 
1 ml. The peptide concentration is 100 /ig/ml. The 
suspension was gently mixed and then incubated for 30 
minutes at 37°C. The samples were centrifuged at 1000 g 

30 for five minutes. The supernatant was separated from 
the pellet and the optical density was measured at 414 
nm. 100 Percent hemolysis was determined by disrupting 
the human erythrocytes in pure H20. 
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Example 3 - Parent peptide and analogues with methionine 
sulfoxide substitutions. 

A parent peptide having the following 
structural formula: 
5 X-(SEQ ID NO:3)-NH2 

as hereinabove described and analogues thereof 
wherein a methionine sulfoxide residue was substituted 
for various amino acid residues of the parent peptide 
were prepared as hereinabove described in Example 1 and 
10 tested for minimum inhibitory concentration with respect 
to E, CPU , P. aerHqinoRW and S. epidemlcH^ at a 
concentration given in jig/ml, and for percent hemolysis 
of human red blood cells as hereinabove described in 
Example 2. The minimum inhibitory concentration and 
15 percent hemolysis (at a concentration of 100 Mg/ml) are 
listed below in Table 1. As used herein, the heading 
"Amino Acid Residue Substituted" refers to the number of 
the amino acid residue in the peptide which is 
substituted with a desired amino acid residue. All 
other residues remain the same as that of the normal 
peptide sequence. The term "Minimum Inhibitory 
Concentration" (MIC) as used herein indicates the 
minimum concentration of peptide in /ig/ml needed to 
achieve 100 percent effective growth inhibition of the 
25 organism. 
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Examp l e 4 - Analogues with lysine substitutions 

Analogues of the parent peptide described in 
Example 3 were prepared as hereinabove described in 
Example l, wherein a lysine residue was substituted for 
various amino acid residues. The analogues were then 
tested for MIC with respect to E. Wli, P. aeruginosa 
and 8, Wldexinlrtlft, and for hemolytic activity as 
hereinabove described in Example 2. The MIC and 
hemolytic activity is listed below in Table II. 



Amino Acid 

Residue 

Substitute 



TABLE TT 

Mint Inhibitory Concentrati o n fug/ml ) 

E « P. s. % 

£Qll Aeruginosa epidermtdis Hemolysis 



1 (SEQ 

3 (SEQ 

4 (SEQ 

7 (SEQ 

8 (SEQ 
11 (SEQ 

14 (SEQ 

15 (SEQ 
18 (SEQ 



ID NO: 23) 
ID MO: 24) 
ID NO: 25) 
ID NO: 26) 
ID NO: 27) 
ID NO: 28) 
ID NO: 29) 
ID NO: 30) 
ID NO: 31) 



5 


30 


25 


4.5 


5 


30 


10 


5.3 


2.5 


30 


5 


4.0 


5 


30 


5 


3.1 


5 


20 


10 


5.5 


5 


30 


5 


3.2 


5 


20 


10 


6.1 


10 


20 


5 


9.6 


10 


20 


10 


16.8 



30 



35 



Example 5 - Analogues with methionine substitutions 

Analogues of the parent peptide described in 
Example 3 were prepared as described in Example l, 
wherein a methionine residue was substituted for various 
amino acid residues. The analogues were then tested for 
MIC with respect to E, colj, P. aerugo** and 
SQidSEBidis, and for hemolytic activity as hereinabove 
described in Example 2. The MIC and hemolytic activity 
is listed below in Table III. 
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TABLE III 





Amino Acid 


Min, 


inhibitor? Concentration ua /ml 




Residue 


E. 


P. 


S. 


% 


S 




£2li ASSuqiips^ epideproidis Hemolysis 




1 


(SEQ ZD NO: 5) 


5 


20 


5 


6.3 




2 


(SEQ ID NO: 6) 


10 


40 


10 


15.0 




3 


(SEQ ID NO: 7) 


20 


30 


20 


4.4 


10 


4 


(SEQ ID NO: 8) 


10 


20 


10 


5.3 




5 


(SEQ ID NO: 9) 


30 


40 


20 


20.0 




6 


(SEQ ID NO: 10) 


10 


30 


10 


26.8 




7 


(SEQ ID NO: 11) 


5 


10 


10 


8.2 




8 


(SEQ ID NO: 12) 


5 


30 


10 


8.1 


15 


9 


(SEQ ID NO: 13) 


10 


30 


10 


18.1 




10 


(SEQ ID NO: 14) 


10 


30 


10 


39.6 




11 


(SEQ ID NO: 15) 


10 


30 


10 


9.2 




12 


(SEQ ID NO: 16) 


10 


30 


20 


53.2 




13 


(SEQ ID NO: 17) 


10 


30 


10 


7.1 


20 


14 


(SEQ ID NO: 18) 


5 


30 


5 


9.7 




15 


(SEQ ID NO: 19) 


5 


30 


- 5 


8.4 




16 


(SEQ ID NO: 20) 


10 


50 


10 


13.7 




17 


(SEQ ID NO: 21) 


20 


30 


20 


13.9 




18 


(SEQ ID NO: 22) 


5 


20 


10 


5.5 



25 



Example 6 - Analogues with substitutions at amino 
acid residues 4 and 11 

30 Analogues of the parent peptide of Example 3 

were prepared as described in Example 1, wherein amino 
acid residues 4 and. 11 were substituted with lysine, 
arginine, histidine, serine, methionine or methionine 
sulfoxide residues. The structures of these analogues 

35 were as follows: 

i 

Analogue WQt Structure 



1 


X(SEQ 


ID NO:32)-NH2 


2 


X(SEQ 


ID NO:33)-NH2 


3 


X(SEQ 


ID NO:34)-NH2 


4 


X(SEQ 


ID NO:35)-NH2 


5 


X(SEQ 


ID NO:36)-NH2 


6 


X(SEQ 


ID NO:37)-NH 2 


7 


X(SEQ 


ID NO:38)-NH 2 


8 


X(SEQ 


ID NO: 39) -NIL, 
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9 X(SEQ ID N0:40)-MH2 

10 X(SEQ ID NOMlJ-NHj, 

The analogues were then tested for MIC with 
respect to E. co l l , p. aeruginosa, arid s. trtd^m^ 
and for hemolytic activity as described in Example 2. 
The results for each analogue are given in Table IV 
below: 

TABLE TV 

Wlllt Inhibitory Concentrate^ fucr/mll 

E. P. s. % 

Analogue No, Sail Aeruginosa epidemic Hemolysis 



1 >100 50 100 

2 >100 >100 25 



3 25 25 25 

10 
5 

100 N/A 



20 i 25 25 



0.0 
0.0 
0.1 

10 0.0 
5 3.2 



% 100 ioo 

Z 10 25 5 0.0 

I 5 5 5 0.9 

3B .J 100 50 >100 N/A 

25 10 100 100 100 N/A 



Example 7 - Analogues with arginine or histidine 
substitutions 

Analogues of the parent peptide described in 

Example 3 were prepared according to Example 1 wherein 

arginine or histidine substitutions were made for amino 

acid residues 4 or 11. .The analogues which were 

prepared are as follows: 



Amino Acid 
Residue 

Analogue No t Substituted Substituent 

40 i (SEQ ID N0:42) 4 Arginine 

2 (SEQ ID N0M3) 4 HiltidiSe 

3 (SEQ ID NO: 44) n Arginin 

4 (SEQ ID NO: 45) n Histidine 
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The anal gues were then tested for MIC with 
respect to St <?Pli> P. aeruginosa, and S. epidarmidts . 
and for hemolytic activity as described in Example 2. 
The results are given in Table V below. 

5 

TABLE V 

Min. Inhibitory Concentration fug/mil 

10 E. P. S. % 

ftnalpgoe PQ f £alL Aeruginosa epidermidis Hemolysis 





1 


5 


5 


2.5 


3.0 




2 


5 


10 


2.5 


2.1 


15 


3 


10 


5 


2.5 


0.3 




4 


5 


1.5 


1.5 


2.5 



20 Analogues of the parent peptide of Example 3 

were prepared as described in Example 1, wherein either 
amino acid residue 4, 7, or 11 was substituted with a ' 
methionine sulfoxide residue. The substitution 
analogues were then processed further to produce 

25 fractions of each substitution analogue containing 

varying proportions of L-methionine-L-sulf oxide residues 
and L-methionine-D-sulf oxide residues. For purposes of 
explanation, the terms under the "Proportion" column in 
Table VI indicate that a certain percentage of the 

30 peptide included an L-methionine-L-sulf oxide residue or 
an L-methionine-D-sulfoxide residue, and an enumerated 
percentage of the peptides included the other of the 
L-methionine-L-sulf oxide and L-methionine-D-sulfoxide 
residue. It has not been determined which percentage 

35 corresponds to the L-methionine-L-sulf oxide residue and 
which percentage corresponds to the L-methionine-D- 
sulfoxide residue « The analogue preparations were then 
tested f r MIC with r spect t E y <?oU, P. aeruginosa, and 
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Siepiflermlflifi , and f r hem lytic activity as described 
in Example 2. The results are given in Table VI below. 



Amino Acid 
Residue 
10 Substitute 

4 (SEQ ID NO: 8) 
4 (SEQ ID NO: 8) 
4 (SEQ ID NO: 8) 
4 (SEQ ID NO: 8) 
15 7 (SEQ ID NO: 11) 

7 (SEQ ID NO: 11) 
7 (SEQ ID NO: 11) 
11 (SEQ ID NO: 15) 
11 (SEQ. ID NO: 15) 
20 11 (SEQ ID NO: 15) 

U (SEQ ID NO: 15) 



TABLE VI 

Min. Inhibitory Concentration 

— fug/ml) 



% Hemo- 
lysis 



Pro- 


E. 


p. Aeru- 


S.epi- 


portion 


call 


ginosa 


demldia 


50/50 


10 


5 


5 


60/40 


>10 


5 


5 


0/100 


>10 


5 


5 


100/0 


>10 


>5 


>10 


70/30 


10 


>5 


>10 


20/80 


5 


>5 


>10 


0/100 


5 


2.5 


5 


100/0 


>10 


2.5 


2.5 


70/30 


10 


2.5 


2 


20/80 


10 


5 


2.5 


0/100 


10 


5 


5 



0.0 
0.1 
0.5 
1.2 
0.9 
1.1 
1.8 
0.0 
0.0 
0.0 
0.2 



25 



30 



35 



Example o 

Peptide I of the following structural formula: 

X(SEQ ID NO:l) 
was prepared as described in Example l and assayed for 
Minimum Inhibitory Concentration against E.coli and 
Ptagrwqtuppffi and for hemolytic activity as described in 
Example 2. The Minimum Inhibitory Concentration of 
Peptide I was 10 ng/al against E.coli and 5 nq/ml 
against Ptaerytginosn. Hemolytic activity of Peptide I 
at a concentration of 100 jig/ml was 25.8 percent. 

Examp l e 10 - Antimicrobial Assays for Deletion Analogues 

For the deletion analogues of the parent 
peptide further described in Examples 11 and 12, 
antimicrobial assays were carried out in 96-well tissue 
culture plates. Each well was incubated with a given 
micro rganism (Esch richia c li, Staphyl coccus 
pidermidis, Pseudomonas aeruginosa, or Staphylococcus 
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aureus) suspended in LB medium. Upon addition of the 
parent peptide or its deletion analogues (dissolved in 
1XPBS< pH7.0), each veil contained a final cell density 
of 1.3 X 10 5 colony forming units (CFU)/ml of B.coli , or 
5 3.5x105 CFD/ml P. aeruginosa , or 3.9x 105 CFU/xnl 

Aureus or 3.0 X 10 5 CFD/ml S. epidermidis . The final 
peptide concentrations ranged from 1.5 /ig/ml to greater 
than 100 /ig/ml* 

Addition of peptide to the wells was defined 

10 as time zero. At twenty hours, the plates were placed 
in a Titertek Multiskan apparatus and the O.D. 620 
determined. The plates as well as the initial innoculum 
were incubated at 37°c. 

Five wells per plate contained medium alone, 

15 whereas five others contained medium plus cells. These 
controls were used to eliminate the possibility of 
medium contamination, while providing a measure of 
uninhibited growth of the microorganisms. The degree 
of peptide activity was determined by comparing the 

20 deletion analogues with uninhibited growth of the 

control cells over a twenty-hour period. The effective 
growth inhibitation of the deletion analogues is listed 
in the examples and tables below. 

25 Example 11 - Parent Peptide and Deletion Analogues 

A parent peptide having the following 
structural formula: X-(SEQ ID N0:3)-N^ as hereinabove 
described and deletion analogues thereof wherein one of 
the amino acid residues was deleted were prepared as 

30 hereinabove described in Example 1 and tested for 
minimum inhibitory concentration with respect to 
P-cpU, Pt*»rwtaoMU g t <=mreus, and S-epifleppiqis at a 
concentration given in mg/ml as hereinabove described in 
Example 9. The minimum inhibitory concentrations are 

35 list d b low in Table VII. As used her in, th h ading 
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"Amino Acid Residue Del ted" refers to the number of the 
amino acid residue in the peptide which is deleted. All 
other residues remain the same as that of the normal 
peptide sequence. 

5 
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Example 13 

Analogues of the parent peptide were prepared 
wherein at least amino acid residues 1-6 were deleted, 
or where at least four amino acid residues were linked 
to amino acid residue l of the complete parent peptide 
structure. These analogues are hereinafter referred to 
as analogues l through 7. 

Analogue l has the following structure: 

X(SEQ ID NO: 57). 

Analogue 2 has the following structure: 
X(SEQ ID NO: 58). 

Analogue 3 has the following structure: 
X(SEQ ID NO: 59). 

Analogue 4 has the following structure: 
X(SEQ ID NO: 60) . 

Analogue 5 has the following structure: 
X(SEQ ID NO: 61). 

Analogue 6 has the following structure: 
X(SEQ ID NO: 62). 

Analogue 7 has the following structure: 
X(SEQ ID NO: 63). 

These analogues were then assayed for MIC with 
respect to Lfflli, P^aejmginasa, SxiUESJia and 
Sieplflermiflip. The results are given in Table VIII 



25 



below: 



TABLE VTTT 



30 



Analogue 



St CPU 




35 



1 
2 
3 
4 
5 
6 
7 



>256 
128 
32-64 

128 
>256 
>256 
>256 



>256 
64 

32-64 
128 
256 
256 
256 



>256 
>256 
256 
>256 
>256 
>256 
>256 



>256 
64 



32 
64 
128 
128 



2 
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BX?qnpl9 1? 

The hemolytic activity of the parent peptide 
and the deletion analogues hereinabove described in 
Example 11 was examined with human red blood cells. 
5 Serum was separated from red blood cells through 

centrifugation, and the blood cells were washed with 
phosphate buffered saline (PBS) at a pH of 7. The PBS 
was removed by centrifugation. The cells were then 
suspended in PBS to reach a concentration of 5 percent 

10 cells in PBS. The peptides were dissolved in PBS and 
added to 0.5 ml of the red blood cell suspension to 
reach a final volume of 1 ml. Peptide concentrations 
are at 500 pg/ml, 100 Mg/ml, 50 Mg/ml, or 10 pg/ml. The 
samples of peptide and red blood cells are incubated for 

15 one hour at 37°C The samples are then centrifuged for 
five minutes. The supernatant was separated from the 
pellet and the optical density of the supernatant was 
measured at 414 nm. No hemolysis (blank) and 100 
percent hemolysis were determined from suspensions of 

20 cells in PBS and Triton 1 percent, respectively. 
Percent hemolysis was measured at peptide 
concentrations of 500 jig/ml, 100 Mg/ml, 50 Mg/ml and 10 
Mg/ml. The results are listed in Table IX below: 

25 
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10 



15 



20 



25 



30 



35 



40 



Amino Acid 
Residue 

Deleted 

1 (SEQ ID NO: 46) 

2 (SEQ ID NO: 47) 

3 (SEQ ID NO: 48) 
5 (SEQ ID NO: 49) 
7 (SEQ ID NO: 50) 
9 (SEQ ID NO: 51) 

U (SEQ ID NO: 52) 
12 (SEQ ID NO: 53) 
14 (SEQ ID NO: 54) 
16 (SEQ ID NO: 55) 
18 (SEQ ID NO: 56) 
None (SEQ ID NO: 3) 
(parent) 



TABLE IX 

Percent w^jy^ 

Concentration of Peptide rug/m-n 
5M lflfl 5_fi 1Q. 



16.2 
22.4 
17.9 
60.7 
43.7 
75.3 

4.4 
50.3 
28.3 
24.9 
23.0 

N/A 



10.1 
15.0 

5.7 
49.7 
12.6 
49.9 

0.6 
31.5 

7.1 
25.4 
11.4 
21.3 



7.6 
11.0 

5.1 
34.4 

4.1 
33.0 

0.1 
18.0 

3.0 
20.1 

7.5 
16.1 



1.1 
1.3 
0.9 

12.1 
0.8 

11.7 
0.0 
2.6 
0.3 
2.5 
1.6 
3.4 



Example 14 

Analogues 1 through 7, as hereinabove 
described in Example 12 were assayed for hemolytic 
activitiy in accordance with the procedures described in 
Example 13. The results are given below in Table X. 

TABLE X 

Percent Hemolvsja 

, nalnmio .Concentration of Peptide fua/mn 

Analogue 540. Jaa so. 

1 (SEQ ID NO.-57) 0.6 0.0 0.0 

2 (SEQ ID NO:58) 0.4 0.0 0.0 

3 (SEQ ID NO: 59) 6.4 3.4 16 

4 (SEQ ID NO: 60) 45.7 27.2 18."s 

5 (SEQ ID NO:61) 35.I 21.6 18 0 

6 (SEQ ID NO: 62) 26.6 24.9 18.2 

7 (SEQ ID NO:63) 17.7 19.4 17.8 



12. 

0.0 
0.0 
0.5 
4.3 
3.0 
2.0 
2.5 



Example 11 - Antibacterial Assay 

The procedure for the following antibacterial 
assay is based upon the guidelines of the National 
Committee for Clinical Laboratory Standards, Document 
M7-T2, Volume 8, N . 8, 1988. 
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Stock solutions of the following Peptides (SEQ 
ID NO:4) and (SEQ 10 NO: 64) through (SEQ ID NO: 68) in 
accordance with the present invention are prepared at a 
concentration of 512 pg/ml in sterile deionized 
5 distilled water and stored at -70°C. 

(SEQ ID NO: 64) is an analogue of the parent 
peptide wherein amino acid residues 1 through 5 have 
been deleted; (SEQ ID NO: 65) is an analogue of the 
parent peptide wherein amino acid residues 1 through 4 

10 have been deleted; (SEQ ID NO: 66) is an analogue of the 
parent peptide wherein amino acid residues 1 through 3 
have been deleted, (SEQ ID NO: 67) is an analogue of the 
parent peptide wherein amino acid residues 1 through 7 
have been deleted; and (SEQ ID No: 68) is an analogue of 

15 the parent peptide wherein amino acid residue 11 is 

substituted with a glycine residue. The peptides may be 
acetylated at the N-terminal as hereinabove described, 
such acetylation being indicated by the letter X. 

The stock peptide solution was diluted in 

20 serial dilutions (1:2) down the wells of a microtiter 
plate so that the final concentrations of peptides in 
the wells were 0.25, 0.50, 1, 2, 4, 8, 16, 32, 64, 128, 
and 256 pg/ml. 1-5 x 105 CFUs/ml of either S. aureus 
ATCC 25923, E. coli ATCC 25922, or f f aefuqinP?? ATCC 

25 27853 were added to the wells in full strength Mueller 
Hinton broth (BBL 11443) from a mid-log culture. The 
inoculum is stahdarized spectrophotometrically at 600nm 
and is verified by colony counts. The plates are 
incubated for 16-20 hours at 37°C, and the minimal 

30 inhibitory concentration (MIC) for each peptide is 

determined. Minimal inhibitory concentration is defined 
as the lowest concentration of peptide which produces a 
clear well in the microtiter plate. The results are 
given in Table XI below. 
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10 



15 



20 



For purposes f explanation of Table XI below, 
S is the MIC of the peptide against S. aureus , p 1 8 the 
MIC of the peptide against P. aerucrlnn**. and E is the 
MIC of the peptide against E. coli . 



TABLE XI 



25 



(SEQ ID N0:4)-NH, 
X-(SEQ ID N0:4)-NH» 

(SEQ ID NO:64)-NH, 
X-(SEQ ID N0:65)-NH, 
X-(SEQ ID N0:66)-NH: 

(SEQ ID N0:67)-NH, 
X-(SEQ ID NO:68)-NH2 



Example 1* 

The procedure of Example 15 was repeated for 
assaying the anitimicrobial activity of amide-terminated 
peptides (SEQ. ID NO: 64) through (SEQ ID. NO: 67). The 
results are given in Table XII below. 



MIC flier /mil 


£ 


£ 


£ 


32 


64 


32 


32 


64 


32 


32 


16 


32 


16 


16, 32 


32 


8 


16 


8 


128 


128 


128 


8 


8 


16 



30 



35 



Table X1T 









MIC fuci/mll 




Peptide 






£ 


£ 


(SEQ. ID. 


NO.:64)-NH2 


8 


8 


16 


(SEQ. ID. 


N0.:65)-NH2 


8 


4 


16 


(SEQ. ID. 


N0.:66)-NH2 


8 


4 


16 


(SEQ. ID. 


NO.:67)-NH2 


8 


32 


16, 32 



Numerous modifications and variations of the 
present invention are possible in light of the above 
teachings, and, therefore, within the scope of the 
accompanying claims, the invention may be practiced 
ther than as particularly d scribed. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Houghten, Richard 
Blondelle, Sylvie 

(ii) TITLE OF INVENTION: Amphiphilic Peptide Compositions 

said Analogues Thereof 

(iii) NUMBER OF SEQUENCES: 68 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Dressier, Goldsmith, Sutker, Shore, 

& Milnamow 

(B) STREET: 180 North Stetson 

(C) CITY: Chicago 

(D) STATE: IL 

(E) COUNTRY: USA 

(F) ZIP: 60601 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) Operating System: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.24 

(vi) CURRENT APPLIATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 
■(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/554,422 

(B) FILING DATE: 19-JUL-1990 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Gamson, Edward P. 

(B) REGISTRATION NUMBER: 29,381 

(C) REFERENCE/DOCKET NUMBER: 421250-80 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 3126165418 

(B) TELEFAX: 3126165460 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 



SUBSTITUTE SHEET | 
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(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated at 
N-terminus. 

(x) PUBLICATION INFORMATION: 

(A) AUTHOR: Houghten, R. 

Ostresh, J. 

(B) JOURNAL: Bio Chromatography 

(D) VOLUME: 2 

(E) ISSUE: 2 

(F) PAGES: 80-83 

(G) DATE: 1987 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Leu Leu Lys Leu Leu Lys Lys Leu Leu Lys 
1 5 10 

Lys . Leu Lys Lys 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus. 

(X) PUBLICATION INFORMATION: 

(A) AUTHOR: Houghten, R. 

Ostresh, J. 

(B) JOURNAL: Bio Chromatography 

(D) VOLUME: 2 

(E) ISSUE: 2 

(F) PAGES: 80-83 

(G) DATE: 1987 

(Xi) SEQUENCE DESCRIPTION: SEQ ID ; 2: 

SUBSTITUTE SHEET 
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Lys Leu Leu Lys Lys Leu Lys Lys Leu Leu 
1 5 10 

Lys Lys Leu Leu 



(2) INFORMATION FOR SEQ ID NO; 3: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide , 

and/ or may be acetylated 
at N-terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide , 

and/or may be acetylated 
at N-terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

Leu Leu Lys Lys Leu Lys Lys Leu Leu Lys 
l 5 10 

Lys Leu Leu Lys Leu Leu 
15 



SUBSTITUTE SHEET 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Xaa Lys Leu Leu Lys Lys Leu Leu Lys Lys 
15 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 6: 

Leu Xaa Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



SUBSTITUTE SHEET 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Leu Lys Xaa Leu Lys Lys Leu Leu Lys Lys 
15 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Leu Lys Leu Xaa Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



SUBSTITUTE SHEET 
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(2) INFORMATION FOR SEQ ID NO: 9: 
(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEONESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Leu Lys Leu Leu Xaa Lys Leu Leu Lys Lys 
15 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATU RE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Leu Lys Leu Leu Lys Xaa Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



SUBSTITUTE SHEET 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C- terminal amide, 



Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 



and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



Leu Lys lieu Leu Lys Lys Xaa Leu Lys Lys 
15 10 



and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



Leu Lys Leu Leu Lys Lys Leu Xaa Lys Lys 
15 10 



Leu Lys Lys Leu Leu Lys Lys Leu 
15 



SUBSTITUTE SHEET 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEONESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N- terminus, Xaa is 
Met or methionine sulfoxide. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Leu Lys Leu Leu Lys Lys Leu Leu Xaa Lys 
1 5 io 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATU RE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N- terminus, Xaa is 
Met or methionine sulfoxide. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Xaa 
1 5 io 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 



Xaa Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide. 



and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 15: 



Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 



and/or may be acetylated 
at N- terminus, Xaa is 
Met or methionine sulfoxide. 



(xi) 



SEQUENCE DESCRIPTION:SEQ ID NO: 16: 



Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
15 10 



Leu Xaa Lys Leu Leu Lys Lys Leu 
15 
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(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
15 10 

Leu Lys Xaa Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
l 5 io 

Leu Lys Lys Xaa Leu Lys Lys Leu 
15 
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(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 



Leu Lys Lys Leu Xaa Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 



and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 19: 



Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 



and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 20: 



Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
15 10 



Leu Lys Lys Leu Leu Xaa Lys Leu 
15 
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(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be aceytlated 
at N- terminus, Xaa is 
Met or methionine sulfoxide. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Xaa Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus, Xaa is 
Met or methionine sulfoxide. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Lys Xaa 
15 
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(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Lys Lys Leu Leu Lys Lys Leu Leu Lys Lys 
15 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

Leu Lys Lys Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 
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(B) TYPE: amin acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus. 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 25: 

Leu Lys Leu Lys Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Leu Lys Leu Leu Lys Lys Lys Leu Lys Lys 
1 5 10 . 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus . 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Leu Lys Leu Leu Lys Lys Leu Lys Lys Lys 
l 5 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/ or may be acetylated 
at N-terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
15 10 

Lys Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptid 
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(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-tenninal amide, 

and/or may be acetylated 
at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Lys Leu Lys Lys Leu 
15 

(2) INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/or may be acetylated 
at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
5 10 

Leu Lys Lys Leu Lys Lys Lys Leu 
15 

(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, 

and/ r may be acetylated 
at N-terminus. 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
15 10 

Leu Lys Lys Leu Leu Lys Lys Lys 
15 



(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated at 

N-terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

Leu Lys Leu Lys Lys Lys Leu Leu Lys Lys 
1 ' 5 10 

Lys Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated at 

N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 
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Leu Lys Leu Arg Lys Lys Leu Leu Lys Lys 
1 5 io 

Arg Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated at 

N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

Leu Lys Leu His Lys Lys Leu Leu Lys Lys 
l 5 10 

His Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 
• (C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated 

at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

Leu Lys Leu Ser Lys Lys Leu Leu Lys Lys 
15 10 
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Ser Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated at 

N-terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

Leu Lys Leu Met Lys Lys Leu Leu Lys Lys 
1 5 10 

Met Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated 

at N-terminus, Xaa is methionine 
sulfoxide. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

Leu Lys Leu Xaa Lys Lys Leu Leu Lys Lys 
1 5 10 

Xaa Lys Lys Leu Leu Lys Lys Leu 
15 
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(2) INFORMATION FOR SEQ ID NO: 38: 
(1) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATU RE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated at 

N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

Leu Lys Leu Met Lys Lys Leu Leu Lys Lys 
1 5 10 

Lys Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: c-terminal amide, acetylated at 

N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

Leu Lys Leu Lys Lys Lys Leu Leu Lys Lys 
1 5 10 

Met Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID N0:40: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amin acids 
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(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated at 

N-terminus, Xaa is methionine 
sulfoxide. 

(xi) SEQUENCE DESCRIPTION :SEQ ID NO:40: 

Leu Lys Leu Xaa Lys Lys Leu Leu Lys Lys 
1 5 10 

Lys Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: c-terminal amide, acetylated at 

N-terminus, Xaa is methionine 
sulfoxide. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 

Leu Lys Leu Lys Lys Lys Leu Leu Lys Lys 
15 10 

Xaa Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 
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(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, n 

be acetylated at N- terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 

Leu Lys Leu Arg Lys Lys Leu Leu Lys Lys 
1 5 io 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 43: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE:, amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, m 

be acetylated at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

Leu Lys Leu His Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(ix) FE&TDRE: . . m 

(D) OTHER INFORMATION: May be a C-tennmal amxde, may 

be acetylated at N-terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Arg Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: May be a C-terminal amide, may 

be acetylated at N-terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

His Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO:46: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated at 

N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 

Lys Leu Leu Lye Lys Leu Leu Lys Lys Leu 
1 5 10 

Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: c-terminal amide, acetylated 

at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:47 

Leu Leu Leu Lys Lys Leu Leu Lys Lys Leu 
1 5 io 

Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 48: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated 

at N-terminus. 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

Leu Lys Leu Lys Lys Leu Leu Lys Lys Leu 
1 5 10 

Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated 

at N-terminus. • 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49: 

Leu Lys Leu Leu Lys Leu Leu Lys Lys Leu 
1 5 10 

Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated 

at N-terminus. 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 50: 
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Leu Lys Leu Leu Lys Lys Leu Lys Lys Leu 
1 5 10 

Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 51: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid » 

(C) STRANDEDNESS : 

(D) topology: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated 

at N- terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Leu 
1 5 io 

Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated 

at N- terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 
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Lys Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 53: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated 

at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 54: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, acetylated 

at N-terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Lys Lys Leu 
15 
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(2) INFORMATION FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANOEDNESS: 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: C-terainal amide, acetylated 

at N-terminus . 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 55: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO:56: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER information: c-terminal amide, acetylated 
at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
15 10 

Leu Lys Lys Leu Leu Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 57: 



(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 4 amin acids 

(B) TYPE: amin acid 
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(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: acetylated at N- terminus, may be a 

C-terminal amide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 57: 

Leu Lys Lys Leu 
1 



(2) INFORMATION FOR SEQ ID NO: 58: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: acetylated at N-terminus, may be a 

C-terntinal amide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 58: 

Leu Lys Lys Leu Leu Lys Lys Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 59: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: acetylated at N-terminus, may be a 

C-terminal amide 
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(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 59: 

Leu Leu Lys Lys Leu Lys Lys Leu Leu Lys 
1 5 10 

Lys Leu 

(2) INFORMATION FOR SEQ ID NO: 60: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: acetylated at N-terminus, may be 

C-terminal amide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60: 

Leu Lys Lys Leu Leu Lys Leu Leu Lys Lys 
1 5 10 

Leu Leu Lys Lys Leu Lys Lys Leu Leu Lys 
15 20 

Lys Leu 



(2) INFORMATION FOR SEQ ID NO: 61: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 26 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: acetylated at N-terminus, may be 

a C-terminal amide. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 



WO 92/01462 



PCT/US91/05047 



- 60 - 



Leu Lys Lys Leu Leu Lys Lys Leu Leu Lys 
15 io 

Leu Leu Lys Lys Leu Leu Lys Lys Leu Lys 
15 20 



Lys Leu Leu Lys Lys Leu 
25 



(2) INFORMATION FOR SEQ ID NO: 62: 

(1) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATURE: 

(D) OTHER INFORMATION: acetylated at N- terminus, may be 

a C-terminal amide. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 

Leu Leu Lys Lys Leu Lys Lys Leu Leu Lys 
1 5 10 

Lys Leu Leu Lys Leu Leu Lys Lys Leu Leu 
15 20 

Lys Lys Leu Lys Lys Leu Leu Lys Lys Leu 
25 30 



(2) INFORMATION FOR SEQ ID NO: 63: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 36 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ix) FEATU RE: 

(D) OTHER INFORMATION: ac tylated at N-terminus, may be 

a C-terminatal amide 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Leu Lys Lys Leu Leu Lys Lys Leu Leu Lys 
15 20 

Leu Leu Lys Lys Leu Leu Lys Lys Leu Lys 

25 30 

Lys Leu Leu Lys Lys Leu 
35 



(2) INFORMATION FOR SEQ ID NO: 64: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATU RE: 

(D) OTHER INFORMATION: C-terminal amide, may be 

acetylated at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 64: 

Lys Leu Leu Lys Lys Leu Lys Lys Leu Leu 
5 10 

Lys Lys Leu 



(2) INFORMATION FOR SEQ ID NO: 65: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, may b 

acetylated at N-terminus. 
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(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 65: 

Lys Lys Leu Leu Lys Lys Leu Lys Lys Leu 
l 5 10 

Leu Lys Lys Leu 



(2) INFORMATION FOR SEQ ID NO: 66: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, may be 

acetylated at N-terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66: 

Leu Lys Lys Leu Leu Lys Lys Leu Lys Lys 
1 5 10 

Leu Leu Lys Lys Leu 
15 



(2) INFORMATION FOR SEQ ID NO: 67: 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, may be 

acetylated at N-terminus. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67: 
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(2) INFORMATION FOR SEQ ID NO: 68: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acids 

(C) STRANOEDNESS : 

(D) TOPOLOGY: linear 

(ii) FEATURE: 

(D) OTHER INFORMATION: C-terminal amide, may be 

acetylated at N-terminus. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68: 

Leu Lys Leu Leu Lys Lys Leu Leu Lys Lys 
1 5 10 

Gly Lys Lys Leu Leu Lys Lys Leu 
15 
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WHAT IS CLAIMED IS; 

1. A process for inhibiting growth of a 
target cell or virus comprising: 

administering to a host a biologically 
active mphiphilic peptide, said peptide including the 
following structural formula: 

— ••R^Rj ^-R^R^Rj ~Rj ^Rg^R^Rj — ^2™^ $ 
wherein -Rj is a hydrophobic amino acid, and -Rj is a 
basic hydrophilic or neutral hydrophilic amino acid, 
said peptide being administered in an amount effective 
to inhibit growth of a target cell or virus in a host, 

2. The process of Claim 1 wherein said 
peptide has the following structural formula: 

(SEQ ID N0:l) . 

3. A process for inhibiting growth of a 
target cell or virus, comprising: 

administering to a host a biologically 
active amphiphilic peptide, said peptide including the 
following structural formula: 

R2*R|"~Rj •I^^Rjj^Rj "R^ - R^ Rj ~R^ ~Rg — ^2~^i ""^i ' 

wherein R 1 is a hydrophobic amino acid 
and Rg is a basic hydrophilic or neutral hydrophilic 
amino acid, said peptide being administered in an amount 
effective to inhibit growth of a target cell or virus iri 
a host* 

4. The process of Claim 3 wherein said 
peptide has the following structural formula: 

(SEQ ID NO: 2). 

5. A biologically active amphiphilic 
peptide, said peptide being of the f 11 wing structural 
formula: 
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^-^-^-^-^-R 2 -R 1 -R 1 -R 2 -R 2 -R 1 -R 2 -R 2 -R 1 -R 1 - R2 _ R2 _ Ri# 
wherein R, is a hydrophobic amino acid, 
and Rjisa basic hydrophilic or neutral hydrophilic 
amino acid. 

6. The peptide of Claim 5 wherein said 
peptide has the following structural formula: 

(SEQ io NO: 3). 

7. A process for inhibiting growth of a 
target cell or virus, comprising: 

administering to a host a biologically 
active amphiphilic peptide, said peptide being of the 
following structural formula: 

wherein R, is a hydrophobic amino acid, 
and is a basic hydrophilic or neutral hydrophilic 
amino acid, said peptide being administered in an amount 
effective to inhibit growth of a target cell or virus in 
a host. 

8. The process of Claim 7 wherein said 
peptide has the following structural formula: 

(SEQ ID NO: 3) . 

9. A compound, comprising: 

an analogue of a peptide, said peptide 
being in an amide- or carboxy-terminated form, said 
peptide being represented by the following structural 
formula, and the numbers below each amino acid residue 
refer to the position of the residue in the peptide: 

LeuLysLeuLeuLysLysLeuLeuLysLysLeuLysLysLeuLeuLysLysLeu 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
and wherein said peptide is substituted in at least n 
of positions l, 3, 4 and 7-18 as foil ws: 
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Residue No. gqbg*itW?ifc 
1 Methionine sulfoxide, Lys, or Met 

3 Methionine sulfoxide, Lys, or Met 

4 Methionine sulfoxide, Lys, Met, 

His, Ser, or Arg 

7 Methionine sulfoxide, Lys, or Met 

8 Methionine sulfoxide, Lys, or Met 

9 Methionine sulfoxide 

10 Methionine sulfoxide 

11 Methionine sulfoxide. Met, Ser, 



Lys, Arg, His, or Gly 
Methionine sulfoxide 
Methionine sulfoxide, or Met 
Methionine sulfoxide, Lys, or Met 
Methionine sulfoxide, Lys, or Met 
Methionine sulfoxide 
Methionine sulfoxide 
Methionine sulfoxide, or Met 

10* The compound of Claim 9 wherein at least 
one of amino acid residues 1, 7, 8, 11, 14, 15, and 18 
is substituted with methionine sulfoxide. 

11. The compound of Claim 9 wherein at least 
one of amino acid residues 1, 7, 8, 14, 15, and 18 is 
substituted with a methionine residue. 

12. The compound of Claim 9 wherein at least 
one of amino acid residues 4, 7, 8, 11, and 14 is 
substituted with a lysine residue. 

13. The compound of Claim 9 wherein amino 
acid residue 4 is substituted with a lysine residue, and 
amino acid residue 11 is substituted with a methi nine 
residue. 



12 
13 
14 
15 
16 
17 
18 
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14. The compound of Claim 9 wherein at least 
one of amino acid residues 4 and 11 is substituted with 
an arginine residue. 

15. The compound of Claim 9 wherein at least 
one of amino acid residues 4 and 11 is substituted with 
a histidine residue. 

16. A process of inhibiting the growth of a 
microbe in a host, comprising: 

administering to a host an effective 
anti-microbial amount of the compound of Claim 9. 

17. a process of inhibiting the growth of a 
virus in a host, comprising: 

administering to a host an effective 
anti-viral amount of the compound of Claim 9. 

18. A process of inhibiting the growth of a 
tumor in a host, comprising: 

administering to a host an effective 
anti-tumor amount of the compound of Claim 9. 

19* A compound comprising: 

an analogue of a peptide, said peptide 
being in an amide- or carboxy-terminated form, said 
peptide being represented by the following structural 
formula, and the numbers below each amino acid residue 
refer to the position of the residue in the peptide: 
LeuLysLeuLeuLysLysLeuLeuLysLysLeuLysLysLeuLeuLysLysLeu 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
and wherein at least one of amino acid residues 1 
through 7, 9, 11, 12, 14, 16, or 18 is deleted from said 
p ptid . 
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20. The compound of Claim 19 wherein at least 
one of amino acid residues 3, 7, 11, 14 or 18 is deleted 
from said peptide. 

21. The compound of Claim 19 wherein amino 
acid residues 1 through 3 are deleted from said peptide. 

22. The compound of Claim 19 wherein amino 
acid residues 1 through 4 are deleted from said peptide. 

23. The compound of Claim 19 wherein amino 
acid residues 1 through 5 are deleted from said peptide. 

24. The compound of Claim 19 wherein amino 
acid residues 1 through 6 are deleted from said peptide. 

25. The compound of Claim 19 wherein amino 
acid residues 1 through 7 are deleted from said peptide. 

26. A process of inhibiting the growth of a 
microbe in a host, comprising: administering to a host 
an effective anti-microbial amount of the compound of 
Claim 19. 

27. A process of inhibiting the growth of a 
virus in a host, comprising: adminstering to a host an 
effective anti-viral amount of the compound of Claim 19. 

28. A process of inhibiting the growth of a 
tumor in a host, comprising: administering to a host ah 
effective anti-tumor amount of the compound of Claim 19. 



29. A biologically active amphiphilic 
p ptid , said biol gically active amphiphilic p ptide 
including the f 11 wing structural f rmula Y 10 : 



WO 92/01462 



PCT/US91/05047 



- 69 - 

wherein R, is a hydrophobic amino acid, 
and is a basic hydrophilic or neutral hydrophilic 
amino acid. 



30. The peptide of Claim 29 wherein said 
peptide includes the following structure: 

x «T z io' wherein Y 10 is the peptide 
structure of claim 29, and Z 10 is: 

(i) V 
(ii) Rg-R,; or 
(iii) 

31. The peptide of Claim 30 wherein said 
peptide includes the following structural formula: 

(SEQ ID NO: 4) . 

32. A process of inhibiting the growth of a 
microbe in a host, comprising: 

administering to a host an effective 
anti-microbial amount of the peptide of Claim 29. 

33. A process of inhibiting the growth of a 
virus in a host, comprising: 

administering to a host an effective 
anti-viral amount of the peptide of Claim 29. 

34. A process of inhibiting the growth of a 
tumor in a host, comprising: 

administering to a host an effective 
anti-tumor amount of the peptide of Claim 29. 
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★★★Worldwide Tax Daily (File 792) 

***ISMEC: Mechanical Engineering Abstracts (File 14) 
***0ceanic Abstracts (File 28) 
***METADEX : Metals Science (File 32) 
***Aluminium Industry Abstracts (File 33) 
***Linguistics and Language Behavior Abstracts (File 36) 
***Sociological Abstracts (File 37) 
***Pollution Abstracts (File 41) 

***Aquatic Sciences and Fisheries Abstracts (File 44) 
***ARTbibliographies Modern (File 56) 

★★★LISA (Library & Information Science Abstracts) (File 61) 
***Life Sciences Collection (File 76) 
***Conf erence Papers Index (File 77) 
***Aerospace Database (File 108) 
***Water Resources Abstracts (File 117) 

***Applied Social Sciences Index and Abstracts (File 232) 
***Abstracts in New Technologies and Engineering (File 238) 
***Materials Business File (File 269) 
★★★Engineered Materials Abstracts (File 293) 
***Ceramic Abstracts (File 335) 

★★★New document supplier*** 

I MED has been changed to INFOTRIE (see HELP OINFOTRI) 



>>> Enter BEGIN HOMEBASE for Dialog Announcements <<< 
>>> of new databases, price changes, etc. <<< 
*★★★ 

KWIC is set to 50. 
HILIGHT set on as ' * ' 

PICKS is set ON as an alias for 5,55,159,143,358,340,344,348,351,352,447,72,73,154,155, 
9. 

★ ★ 

SYSTEM: HOME 

Cost is in DialUnits 

Menu System II: D2 version 1.7.8 term=ASCII 

*** DIALOG HOMEBASE (SM) Main Menu *** 

Information : 

1. Announcements (new files, reloads, etc.) 

2. Database, Rates, & Command Descriptions 



3 . Help in Choosing Databases for Your Topic 

4. Customer Services (telephone assistance, training, seminars, etc.) 

5. Product Descriptions 

Connections : 

6. DIALOG (R) Document Delivery 

7. Data Star(R) 

(c) 2000 The Dialog Corporation pic All rights reserved. 

/H = Help /L = Logoff /NOMENU = Command Mode 



Enter an option number to view information or to connect to an online 
service. Enter a BEGIN command plus a file number to search a database 
(e.g. , Bl for ERIC) . 
?b picks 

>>> 351. is unauthorized 

>>> 352 is unauthorized 

>>>2 of the specified files are not available 

24oct02 10:42:38 User243038 Session D108.1 
$0.00 0.175 DialUnits FileHomeBase 
$0.00 Estimated cost FileHomeBase 
$0 . 03 TELNET 

$0.03 Estimated cost this search 

$0.03 Estimated total session cost 0.175 DialUnits 



SYSTEM: OS - DIALOG OneSearch 

File 5:Biosis Previews (R) 1969-2002/Oct W3 
(c) 2002 BIOSIS 

*File 5: Alert feature enhanced for multiple files, duplicates 

removal, customized scheduling. See HELP ALERT. 
File 55:Biosis Previews (R) 1993 -2002/Oct W3 
(c) 2002 BIOSIS 

*File 55: Alert feature enhanced for multiple files, duplicates 

removal, customized scheduling. See HELP ALERT. 
File 159 :Cancerlit 1975 -2002/Sep 

(c) format only 2 002 Dialog Corporation 
File 143:Biol. & Agric . Index 1983-2002/Sep 

(c) 2002 The HW Wilson Co 
File 358:Current BioTech Abs 1983 -2002/Sep 
(c) 2002 DECHEMA 
*File 358: File is now current. 

File 34 0 : CLAIMS (R) /US Patent 1950-02/Oct 22 
(c) 2002 IFI/CLAIMS (R) 
*File 340: Application & grant publications are in 1 record. See 
HELP NEWS340 & HELP ALERTS340 for search, display & Alert" info. 
File 344:Chinese Patents Abs Aug 1985-2002/Oct 

(c) 2002 European Patent Office 
File 348:EUROPEAN PATENTS 1978-2002/Oct W02 

(c) 2002 European Patent Office 
File 447: IMS Patent Focus 2002/Sep 

(c) 2002 IMS Health & Affiliates 
File 72 : EMBASE 1993 -2002/Oct W3 

(c) 2002 Elsevier Science B.V. 
*File 72: Alert feature enhanced for multiple files, duplicates 
removal, customized scheduling. See HELP ALERT. 
File 73 : EMBASE 1974 -2002/Oct W3 

(c) 2002 Elsevier Science B.V. 
*File 73: Alert feature enhanced for multiple files, duplicates 
removal, customized scheduling. See HELP ALERT. 

File 154 : MEDLINE (R) 1990-2002/Oct W3 
*File 154: Alert feature enhanced for multiple files, duplicates 
removal, customized scheduling. See HELP ALERT. 

File 155 :MEDLINE (R) 1966-2002/Oct W3 
*File 155: Alert feature enhanced for multiple files, duplicates 
removal, customized scheduling. See HELP ALERT. 



File 349:PCT FULLTEXT 197 9 -2 0 02 /UB=2 002 1017 , UT=2 002 1003 
(c) 2002 WIPO/Univentio 



Set Items Description 



?s positive positive neutral hydrophobic 

51 0 POSITIVE POSITIVE NEUTRAL HYDROPHOBIC 
?s tiimor derived endothelial cells 

52 4 TUMOR DERIVED ENDOTHELIAL CELLS 

?rd 

>>>Duplicate detection is not supported for File 340. 
>>>Duplicate detection is not supported for File 344. 
>>>Duplicate detection is not supported for File 348. 
>>>Duplicate detection is not supported for File 447. 
>>>Duplicate detection is not supported for File 349. 

>>>Records from unsupported files will be retained in the RD set, 
. ; . completed examining records 

53 2 RD (unique items) 
?t s3/5/all 



3/5/1 (Item 1 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 
(c) 2002 BIOSIS. All rts . reserv. 



13184806 BIOSIS NO. : 200100391955 

Anti-proliferative effects of 1 alpha, 25 -dihydroxyvit ami n D3 and vitamin D 
analogs on murine endothelial cells. 

AUTHOR: Bernardi Ronald J(a); Modzelewski Ruth A(a) ; Trump Donald L(a); 

Johnson Candace S (a) 
AUTHOR ADDRESS: (a) University of Pittsburgh Cancer Institute, Pittsburgh, 

PA** US A 

JOURNAL: Proceedings of the American Association for Cancer Research Annual 
Meeting 42p209 March, 2001 
MEDIUM: print 

CONFERENCE/MEETING: 92nd Annual Meeting of the American Association for 

Cancer Research New Orleans, LA, USA March 24-28, 2001 

ISSN: 0197-016X 

RECORD TYPE: Citation 

LANGUAGE: English 

SUMMARY LANGUAGE: English 

DESCRIPTORS: 

MAJOR CONCEPTS: Pharmacology; Tumor Biology 

BIOSYSTEMATIC NAMES: Muridae- -Rodentia , Mammalia, Vertebrata, Chordata, 
Animalia 

ORGANISMS: mouse (Muridae) - -animal model 

ORGANISMS: PARTS ETC: *tumor derived endothelial cells* - -drug-induced 

proliferation inhibition, in-vitro culture 
BIOSYSTEMATIC CLASSIFICATION (SUPER TAXA) : Animals; Chordates; Mammals; 

Nonhuman Mammals; Nonhuman Vertebrates; Rodents; Vertebrates 
CHEMICALS & BIOCHEMICALS : 1 -alpha- 25 -dihydroxyvitamin D-3--EB 1089 

analog, ILEX 7553 analog, Ro-25-6760 analog, antineoplastic-drug, tumor 

cell antiproliferative effects, vitamin-drug 
MISCELLANEOUS TERMS: Meeting Abstract 
CONCEPT CODES: 

00520 General Biology-Symposia, Transactions and Proceedings of 

Conferences, Congresses, Review Annuals 
12512 Pathology, General and Miscellaneous -Therapy (1971- ) 
22 002 Pharmacology-General 

24004 Neoplasms and Neoplastic Agents -Pathology; Clinical Aspects; 
Systemic Effects 

24008 Neoplasms and Neoplastic Agents -Therapeutic Agents; Therapy 
32500 Tissue Culture, Apparatus, Methods and Media 
BIOSYSTEMATIC CODES: 
86375 Muridae 



3/5/2 (Item 2 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 



(c) 2002 BIOSIS. All rts. reserv. 



10910351 BIOSIS NO.: 199799531496 

Enhancement of cisplatin-mediated tumor cell kill by cytokine induction of 
nitric oxide production from tumor-derived endothelial cells. 

AUTHOR: Modzelewski R A; Chang M-J; Phillips S L; Johnson C S 
AUTHOR ADDRESS : Univ. Pittsburgh, PCI, Pittsburgh, PA 15213**USA 
JOURNAL: Proceedings of the American Association for Cancer Research Annual 
Meeting 38 (0) :p312 1997 

CONFERENCE/MEETING: Eighty-eighth Annual Meeting of the American 
Association for Cancer Research San Diego, California, USA April 12-16, 
1997 

ISSN: 0197-016X 
RECORD TYPE: Citation 
LANGUAGE: English 

REGISTRY NUMBERS: 15663-27-1: CISPLATIN; 10102-43-9: NITRIC OXIDE 
DESCRIPTORS: 

MAJOR CONCEPTS: Blood and Lymphatics (Transport and Circulation); Cell 
Biology; Endocrine System (Chemical Coordination and Homeostasis) ; 
Tumor Biology 

BIOSYSTEMATIC NAMES : Muridae - -Rodent ia , Mammal ia , Vertebrata , Chordata , 

Animalia 
ORGANISMS: Muridae (Muridae) 

BIOSYSTEMATIC CLASSIFICATION (SUPER TAXA) : animals; chordates; mammals; 

nonhuman vertebrates; nonhuman mammals; rodents; vertebrates 
CHEMICALS & BIOCHEMICALS : CISPLATIN; NITRIC OXIDE 

MISCELLANEOUS TERMS: Meeting Abstract; ANT INEOPLAS TIC- DRUG ; CISPLATIN; 
CISPLATIN-MEDIATED TUMOR CELL KILL; CYTOKINE INDUCTION; NITRIC OXIDE 
ENHANCEMENT; NITRIC OXIDE PRODUCTION; PHARMACOLOGY; RIF-1 CELL LINE; 
TUMOR BIOLOGY; *TUMOR DERIVED ENDOTHELIAL CELLS* 
CONCEPT CODES: 

02 5 06 Cytology and Cytochemistry-Animal 

15008 Blood, Blood-Forming Organs and Body Fluids -Lymphatic Tissue and 

Reticuloendothelial System 
17 002 Endocrine System-General 

24 008 Neoplasms and Neoplastic Agents -Therapeutic Agents; Therapy 

00520 General Biology- Symposia, Transactions and Proceedings of 
Conferences, Congresses, Review Annuals 

10064 Biochemical Studies-Proteins, Peptides and Amino Acids 

10069 Biochemical Studies -Minerals 
BIOSYSTEMATIC CODES: 

86375 Muridae 
?ds 



Set Items Description 

51 0 POSITIVE POSITIVE NEUTRAL HYDROPHOBIC 

52 4 TUMOR DERIVED ENDOTHELIAL CELLS 

53 2 RD (unique i terns ) 

?s endothelial cell peptide fragment 

54 0 ENDOTHELIAL CELL PEPTIDE FRAGMENT 
?s endothelial cell peptide 

55 0 ENDOTHELIAL CELL PEPTIDE 
?s peptide fragment 

56 1041 PEPTIDE FRAGMENT 

?rd 

>>>Duplicate detection is not supported for File 340. 
>>>Duplicate detection is not supported for File 344. 
>>>Duplicate detection is not supported for File 348. 
>>>Duplicate detection is not supported for File 447. 
>>>Duplicate detection is not supported for File 349. 

>>>Records from unsupported files will be retained in the RD set. 

. examined 5 0 records (50) 

.examined 50 records (100) 

.examined 50 records (150) 

.examined 50 records (2 00) 

.examined 50 records (250) 

.examined 5 0 records (3 00) 

.examined 5 0 records (3 50) 



.examined 50 records (400) 
.examined 50 records (450) 
.examined 50 records (500) 
.examined 50 records (550) 
.examined 50 records (600) 
.examined 50 records (650) 
.examined 50 records (700) 
.examined 50 records (750) 
.examined 50 records (800) 
.examined 50 records (850) 
.examined 50 records (900) 
.examined 50 records (950) 
.examined 50 records (1000) 
.completed examining records 

57 53 0 RD (unique items) 
?s s7 and endothelial cells 

530 S7 
8862 ENDOTHELIAL CELLS 

58 0 S7 AND ENDOTHELIAL CELLS 



?s s7 


and tumor 


derived 




530 S7 






6 TUMOR DERIVED 




S9 


0 S7 AND TUMOR DERIVED 


?ds 






Set 


Items 


Description 


SI 


0 


POSITIVE POSITIVE NEUTRAL 


S2 


4 


TUMOR DERIVED ENDOTHELIAL 


S3 


2 


RD (unique items) 


S4 


0 


ENDOTHELIAL CELL PEPTIDE 


S5 


0 


ENDOTHELIAL CELL PEPTIDE 


S6 


1041 


PEPTIDE FRAGMENT 


S7 


530 


RD (unique items) 


S8 


0 


S7 AND ENDOTHELIAL CELLS 


S9 


0 


S7 AND TUMOR DERIVED 


?S S7 


and endothelial tumor cells 



530 S7 

4 ENDOTHELIAL TUMOR CELLS 

510 0 S7 AND ENDOTHELIAL TUMOR CELLS 
?s s7 and endothelial 

530 S7 
518352 ENDOTHEL I AL 

511 6 S7 AND ENDOTHELIAL 

?rd 

>>>Duplicate detection is not supported for File 340. 
>>>Duplicate detection is not supported for File 344. 
>>>Duplicate detection is not supported for File 348. 
>>>Duplicate detection is not supported for File 447. 
>>>Duplicate detection is not supported for File 349. 

>>>Records from unsupported files will be retained in the RD set. 
. . . completed examining records 

512 6 RD (unique items) 
?s sl2 and cells 

6 S12 

7445392 CELLS 

513 4 S12 AND CELLS 
?t sl3/5/all 

13/5/1 (Item 1 from file: 72) 

DIALOG (R) File 72 : EMBASE 

(c) 2002 Elsevier Science B.V. All rts. reserv. 



11363274 EMBASE No: 2001377485 

Investigation of the metabolism of substance P at the blood-brain barrier 
using capillary electrophoresis with laser-induced fluorescence detection 

Freed A.L.; Audus K.L.; Lunte S.M. 

Dr. S.M. Lunte, Department of Pharmaceutical Chem. , Center for 
Bioanalytical Research, University of Kansas, Lawrence, KS United States 



AUTHOR EMAIL: slunte@ku.edu 

Electrophoresis ( ELECTROPHORESIS ) (Germany) 2001, 22/17 (3778-3784) 

CODEN: ELCTD ISSN: 0173-0835 

DOCUMENT TYPE: Journal ; Article 

LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 

NUMBER OF REFERENCES: 61 

Substance P (SP) metabolism was investigated upon exposure to a monolayer 
of bovine brain microvessel *endothelial* *cells* (BBMECs) , a cell culture 
model of the blood-brain barrier. SP was incubated with the BBMECs and its 
metabolism was followed as a function of time over a 5-h period. The 
resulting samples were derivatized with naphthalene-2 , 3-dicarboxaldehyde 
(NDA) /cyanide, separated, and detected using cyclodextrin-modif ied 
electrokinetic chromatography with laser-induced fluorescence detection 
(CDMEKC-LIF) . Upon exposure to the BBMEC monolayer, SP rapidly degraded to 
produce the N-terminal (1-9) , (1-4) and (1-7) and C-terminal (2-11) and 
(3-11) fragments. These results were compared with those in an earlier 
report from our laboratory, where SP metabolism was investigated in vivo by 
microdialysis sampling in rat striatum. 

DRUG DESCRIPTORS: 

* substance P- -endogenous compound- -ec 

naphthalene derivative; cyanide; cyclodextrin; *peptide fragment* 
--endogenous compound--ec; substance P [1-4] --endogenous compound- -ec ; 
substance P [1-7] - -endogenous compound- -ec; unclassified drug 
MEDICAL DESCRIPTORS: 

*protein metabolism; *capillary electrophoresis 

blood brain barrier; laser; fluorescence; exposure; cattle; brain blood 
vessel; microvasculature ; endothelium cell; cell culture; biological model; 
incubation time; time; sample; derivatization; phase separation; micellar 
electrokinetic chromatography; protein degradation; amino terminal sequence 
; carboxy terminal sequence; comparative study; laboratory; in vivo study; 
microdialysis; corpus striatum; nonhuman; rat; controlled study; animal 
tissue; article 

DRUG TERMS (UNCONTROLLED): naphthalene 2,3 dicarboxaldehyde 

CAS REGISTRY NO.: 33507-63-0 (substance P) ; 57-12-5 (cyanide); 12619-70-4 ( 
cyclodextrin); 57468-16-3 (substance P [1-4]); 72226-88-1 (substance P 
.[1-7]) 
SECTION HEADINGS: 

027 Biophysics, Bioengineering and Medical Instrumentation ' 
02 9 Clinical and Experimental Biochemistry 



13/5/2 (Item 2 from file: 72) 

DIALOG (R) File 72 : EMBASE 

(c) 2002 Elsevier Science B.V. All rts. reserv. 

10660691 EMBASE No: 2000143365 

Fractalkine-mediated *endothelial* cell injury by NK *cells* 

Yoneda 0.; Imai T. ; Goda S.; Inoue H.; Yamauchi A.; Okazaki T. ; Imai H. ; 
Yoshie O.; Bloom E.T.; Domae N. ; Umehara H. 

Dr. H. Umehara, 8-1 Kuzuha Hanazono-cho, Osaka 573-1121 Japan 
AUTHOR EMAIL: umehara@cc.osaka-dent.ac.jp 

Journal of Immunology ( J. IMMUNOL. ) (United States) 15 APR 2000, 164/8 
(4055-4062) 

CODEN: JOIMA ISSN: 0022-1767 

DOCUMENT TYPE: Journal; Article 

LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 

NUMBER OF REFERENCES: 54 

*Endothelial* *cells* (ECs) are primary targets of immunological attack, 
and their injury can lead to vasculopathy and organ dysfunction in vascular 
leak syndrome and in rejection of allografts or xenografts. A newly 
identified CXinf 3C-chemokine , fractalkine, expressed on activated ECs 
plays an important role in leukocyte adhesion and migration. In this study 
we examined the functional roles of fractalkine on NK cell activity and NK 
cell-mediated *endothelial* cell injury. Freshly separated NK *cells* 
expressed the fractalkine receptor (CXinf 3CR1) determined by FACS analysis 



and efficiently adhered to immobilized full-length fractalkine, but not to 
the truncated forms of the chemokine domain or mucin domain, suggesting 
that fractalkine functions an adhesion molecule on the interaction between 
NK *cells* and ECs . Soluble fractalkine enhanced NK cell cytolytic activity 
against K562 target *cells* in a dose- and time -dependent manner. This 
enhancement correlated well with increased granular exocytosis from NK 
*cells*, which was completely inhibited by the G protein inhibitor, 
pertussis toxin. Transfection of fractalkine cDNA into ECV304 *cells* or 
HUVECs resulted in increased adhesion of NK *cells* and susceptibility to 
NK cell-mediated cytolysis compared with control transfection. Moreover, 
both enhanced adhesion and susceptibility of f ractalkine-transf ected 
*cells* were markedly suppressed by soluble fractalkine or anti-CXinf 3CR1 
Ab. Our results suggest that fractalkine plays an important role not only 
in the binding of NK *cells* to *endothelial* *cells*, but also in NK 
cell -mediated endothelium damage, which may result in vascular injury. 

DRUG DESCRIPTORS: 

*f ractalkine; *chemokine receptor- -endogenous compound- -ec 

♦peptide fragment*; pertussis toxin; complementary DNA; unclassified drug 

MEDICAL DESCRIPTORS: 

♦endothelium injury--etiology- -et ; *natural killer cell mediated 
cytotoxicity 

immunopathogenesis; natural killer cell; endothelium cell; protein 
expression; hormone receptor interaction; protein domain; concentration 
response; exocytosis; DNA transfection; leukocyte adherence; human; 
controlled study; human cell; article; priority journal 

DRUG TERMS (UNCONTROLLED) : fractalkine receptor- -endogenous compound- -ec 
CAS REGISTRY NO.: 199619-66-4 (fractalkine); 70323-44-3 (pertussis toxin) 
SECTION HEADINGS: 

018 Cardiovascular Diseases and Cardiovascular Surgery 

026 Immunology, Serology and Transplantation 



13/5/3 (Item 3 from file: 72) 

DIALOG (R) File 72 : EMBASE 

(c) 2002 Elsevier Science B.V. All rts . reserv. 

07712487 EMBASE No : 1999197044 

A bacterial single- chain Fv antibody fragment that inhibits binding of 
its parental anti -E-Selectin monoclonal antibody to activated human 
* endothelial* *cells* 

Casalvilla R. ; Duenas M.; Ayala M.; Cruz S.; Cruz L.; Buurman W.A.; 
Gavilondo J.V. 

R. Casalvilla, Div. Immunotechnol . /Diagnostics , Center Genetic 
Engin. /Biotechnol . , PO Box 61612, Playa, La Habana 10600 Cuba 
AUTHOR EMAIL: j orge . gavilondo@cigb . edu . cu 

Journal of Biotechnology ( J. BIOTECHNOL. ) (Netherlands) 1999, 72/1-2 
(1-12) 

CODEN: JBITD ISSN: 0168-1656 

PUBLISHER ITEM IDENTIFIER: S0168 16569900005X 
DOCUMENT TYPE: Journal; Article 

LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 
NUMBER OF REFERENCES: 31 

Using the polymerase chain reaction, we cloned, modified, and linked 
antibody variable (V) region coding genes from a mouse hybridoma, and 
produced a bacterial single-chain Fv (scFv) antibody fragment specific for 
E-Selectin. A vector of pBR322 origin, bearing the tryptophan promoter and 
the ompA bacterial signal peptide, was used to direct scFv expression to 
periplasm. The vector included a six-histidine coding sequence 5' to the 
scFv for the purification of the expressed protein using immobilized metal 
affinity chromatography (IMAC) . We found that the V (H) -Linker-V (L) 32-33 
kDa scFv remained insoluble after cellular fractionation, and transmission 
electron microscopy showed the new protein to be present in the periplasm 
as inclusion bodies. The scFv was solubilized using urea, purified using 
IMAC, and renatured to its active form. In a competitive enzyme-linked 
immunosorbent assay with activated human vein *endothelial* *cells* in the 
solid phase, the scFv competed for binding with the original monoclonal 
antibody. Copyright (C) 1999 Elsevier Science B.V. 



DRUG DESCRIPTORS: 

**peptide fragment*; ** endothelial* leukocyte adhesion molecule 1 

--endogenous compound- -ec 

signal peptide --endogenous compound- -ec 

MEDICAL DESCRIPTORS: 

*antibody production 

molecular cloning; polymerase chain reaction; hybridoma; in vitro study; 
cell culture; gene construct; gene expression; endothelium cell; plasmid; 
sequence analysis; protein purification; affinity chromatography; 
transmission electron microscopy; cytochemistry; enzyme linked 
immunosorbent assay; human; nonhuman; mouse; controlled study; human cell; 
animal cell; article; priority journal 

CAS REGISTRY NO. : 128875-25-2 ( *endothelial* leukocyte adhesion molecule 1) 
SECTION HEADINGS: 

026 Immunology, Serology and Transplantation 

03 7 Drug Literature Index 



13/5/4 (Item 4 from file: 72) 

DIALOG (R) File 72 : EMBASE 

(c) 2002 Elsevier Science B.V. All rts . reserv. 

05815885 EMBASE No: 1994231553 

Cyclic RGD peptide inhibits alpha4betal interaction with connecting 
segment 1 and vascular cell adhesion molecule 

Cardarelli P.M.; Cobb R.R.; Nowlin D.M.; Scholz W.; Gorcsan F.; Moscinski 
M.; Yasuhara M. ; Chiang S.-L.; Lobl T.J. 

Tanabe Research Labs., 4540 Towne Centre Ct . , San Diego, CA 92121 United 
States 

Journal of Biological Chemistry ( J. BIOL. CHEM. ) (United States) 1994 
, 269/28 (18668-18673) 

CODEN: JBCHA ISSN: 0021-9258 
DOCUMENT TYPE: Journal; Article 

LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 

The integrin supergene family includes receptors for a variety of 
extracellular matrix as well as cell surface proteins. Integrin alpha4 has 
been shown to play an important role in leukocyte adhesion and 
extravasation during immune and inflammatory reactions. One recognition 
sequence known to interact with alpha4 is the Leu-Asp-Val (LDV) site 
contained in the connecting segment 1 region of fibronectin. Here we 
present evidence that shows that a conf ormationally restricted 
RGD-containing peptide is a potent inhibitor of cell adhesion mediated by 
alpha4betal, a receptor not convincingly documented to interact with RGD 
peptides. This peptide, 1-adamantaneacetyl-Cys-Gly-Arg- Gly-Asp-Ser-Pro-Cys 
(disulfide bridge between residues 1-8) , blocks Jurkat cell adhesion to 
connecting segment 1 -containing peptides as well as cell adhesion to 
cytokine-activated *endothelial* *cells*. Adhesion of Jurkat *cells* to 
either vascular cell adhesion molecule-expressing *cells* or recombinant 
vascular cell adhesion molecule-coated plates was likewise inhibited by 
this peptide. Furthermore, alpha4betal. can bind directly to a cyclic RGD 
peptide immobilized to Sepharose. Integrins, alphaSbetal, alphavbeta3 , 
alphallb/betallla, alpha2betal, alphavbetal, alphavbetaS, alphavbeta6, and 
alpha3betal, have been shown to recognize the Arg- Gly-Asp (RGD) sequence 
present in a variety of extracellular matrix proteins, and our data support 
the addition of alpha4betal to this group. Further studies using molecular 
modeling of such cyclic RGD peptides could help in the design of more 
potent peptides or nonpeptide mimetics that could effectively block 
alpha4 -mediated activity and have potential application in a number of 
inflammatory diseases. 

DRUG DESCRIPTORS : 

*arginylglycylaspartic acid; *f ibronectin; *integrin; *interleukin 1; * 
*peptide fragment*; *vascular cell adhesion molecule 1 
monoclonal antibody 
MEDICAL DESCRIPTORS: 
*cell adhesion 

animal cell; article; controlled study; dna transf ection; drosophila; 



endothelium cell; human; human cell; leukemia cell line; nonhuman; priority 
journal; umbilical vein 

CAS REGISTRY NO.: 99896-85-2 (arginylglycylaspartic acid); 86088-83-7 ( 

f ibronectin) 
SECTION HEADINGS: 

02 9 Clinical and Experimental Biochemistry 
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L7 : Entry 3 of 5 



File: DWPI 



Nov 26, 2001 



DERWENT-ACC-NO : 2002-062380 
DERWENT-WEEK: 200222 

COPYRIGHT 2 002 DERWENT INFORMATION LTD 

TITLE: Novel isolated nucleic acid molecule which encodes a fibrinogen E polypeptide 
which is useful for treating cancer, diabetic retinopathy, obesity, hepatitis, 
pneumonia, glomerulonephritis, asthma and thyroiditis 

INVENTOR: LEWIS, C; STATON, C 

PATENT -ASSIGNEE: BIOACTA LTD (BIOAN) , UNIV SHEFFIELD (UYSHN) 

PRIORITY-DATA: 2 000GB-002 73 96 (November 9, 2000), 2000GB- 00 11464 (May 13, 2000), 
2000GB-0014370 (June 14, 2000) 



PATENT -FAMILY: 
PUB -NO 

AU 200154967 A 
WO 200188129 Al 



PUB -DATE 

November 26, 2001 
November 22, 2001 



LANGUAGE PAGES MAIN- IPC 

000 C12N015/12 
E 041 C12N015/12 



DESIGNATED -STATES : AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CO CR CU CZ DE DK DM 
DZ EC EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR KZ LC LK LR LS LT LU LV 
MA MD MG MK MN MW MX MZ NO NZ PL PT RO RU SD SE SG SI SK SL TJ TM TR TT TZ UA UG US UZ 
VN YU ZA ZW AT BE CH CY DE DK EA ES FI FR GB GH GM GR IE IT KE LS LU MC MW MZ NL OA PT 
SD SE SL SZ TR TZ UG ZW 



APPLI CAT I ON - DATA : 
PUB -NO 

AU 200154967A 
AU 200154967A 
WO 200188129A1 



APPL-DATE 
May 14, 2001 

May 14, 2001 



APPL-NO 
2001AU-0054967 
WO 200188129 
2001WO-GB02079 



DESCRIPTOR 
Based on 



INT-CL (IPC) : A01 K 67/027; A61 K 38/17; C07 K 14/75; C12 N 15/12; C12 P 21/02 

ABSTRACTED -PUB -NO: WO 200188129A 
BASIC-ABSTRACT: 

NOVELTY - An isolated nucleic acid molecule (I) which encodes a fibrinogen E 
polypeptide having anti -angiogenic activity, comprises a sequence which hybridizes to a 
234, 240 or 186 base pair sequence, all fully defined in the specification, or a 
sequence which is degenerate as a result of the genetic code to it, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the following: 

(1) a polypeptide (II) encoded- by (I); 

(2) a therapeutic composition (III) comprising (II); 

(3) a vector (IV) comprising (I); 

(4) a cell transf ormed/transf ected (V) with (I) or (IV) ; 

(5) production (Ml) of (III) involves purifying fibrinogen from an animal, incubating 
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the fibrinogen polypeptide with an effective amount of a protease capable of cleaving 
fibrinogen to provide at least fibrinogen E, purifying fibrinogen E from the resultant 
product, and formulating the product into a therapeutic composition; 

(6) production of (II), comprising culturing (V) under expression conditions, and 
recovering the polypeptide; 

(7) assembling (M2) fibrinogen E involves providing quantities of polypeptides which 
form fibrinogen E, providing conditions conducive to the assembly of fibrinogen E, and 
purifying assembled fibrinogen E from the unassembled polypeptides; 

(8) a non-human transgenic animal (VI) which incorporates at least one fibrinogen gene 
into its genome; 

(9) an imaging agent (VII) comprising (II); and 

(10) a therapeutic composition (VIII) comprising (II) which is further conjugated, 
associated or crosslinked to an ant i -angiogenic agent. 

ACTIVITY - Cytostatic; antitumor; antidiabetic; ophthalmological ; antiarteriosclerotic; 
dermatological; virucide; gynecological; anorectic; hepatotropic ; antiinflammatory; 
nephrotropic; antiasthmatic; antithyroid. 

In vivo efficacy of fibrinogen E fragment was tested on six-week-old Balb/C mice 
weighing 15 g. Animals were anesthetized with an intraperitoneal injection of diazepam 
(0.5 mg/ml) and hypnorm (fentanyl citrate 0.0315 mg/ml and fluanisone 1 mg/ml) in the 
ratio of 1:1 at a volume of 0.1 ml/200 g, with supplementation as required to maintain 
adequate anesthesia. Naive Balb/c mice were immunized subcutaneously into the right 
flank, following removal of the fur. Tumor cells were injected at a concentration of 3 
multiply 105 viable CT26 cells per animal suspended in 100 ul serum free medium. 
Animals were then allowed to recover. Tumor growth and animal weights were monitored 
daily. Tumor growth was measured daily and when the majority of animals in the cohort 
had tumor volumes of greater than 100 mm3 but less than 350 mm3 animals were divided 
into experimental and control groups. Animals then received an intraperitoneal 
injection of either active drug ( fibrinogen E fragment 10 0 Mm) or vehicle (phosphate 
buffered saline, micro 1) . The results showed that tumors in the control group 
continued to grow steadily reaching a final tumor volume of 3072 plus or minus 255 mm3 . 
In contrast tumors in the experimental animals had a reduced but steady rate of growth 
with a final tumor volume of 2052 plus or minus 414 mm3 . 

MECHANISM OF ACTION - Inhibitor of angiogenesis (claimed) . 

USE - (II) is useful for the manufacture of medicament for treating cancer, and for 
treating a human or an animal which would benefit from inhibition of angiogenesis or 
for inhibiting tumor development in a human or animal, by administering an effective 
amount of (II) to the human or animal, and optionally monitoring the effects of (II) on 
the inhibition of angiogenesis, or on the inhibition of tumor development (claimed) . 

(11) is useful to target imaging agents, for e.g. tumors, to identify developing tumors 
or to monitor the effect of treatment to inhibit tumor growth. (Ill) is useful for 
modulating angiogenesis, preferably for inhibiting angiogenesis for treating 
ophthalmological conditions such as neovascular glaucoma, diabetic retinopathy, 
age-related macular degeneration, pterygium, retinopathy of prematurity, choroidal and 
other intraocular disorder, atherosclerosis, hemangioma, hemangioendothelioma, warts, 
Kaposi's sarcoma, scar keloids, allergic edema, dysfunctional uterine bleeding, 
follicular cysts, ovarian hyperstimulation, endometriosis, peritoneal sclerosis, 
adhesion formation, obesity, osteomyelitis, pannus growth, osteophyte formation, 
inflammatory and infectious processes (e.g. hepatitis, pneumonia, glomerulonephritis) , 
asthma, nasal polyps, transplantation, liver regeneration, thyroiditis, thyroid 
enlargement, and lymphoprol iterative disorders. 

ABSTRACTED -PUB -NO: WO 20018812 9A 
EQUIVALENT -ABSTRACTS : 

CHOSEN-DRAWING: Dwg.0/7 

DERWENT- CLASS: B04 D16 D21 P14 

CPI-CODES: B04-C01G; B04-E03F; B04-E08; B04-F0100E; B04-F0200E; B04-F0700E; B04-N02A0E; 
B04-P0100E; B11-C07B; B14-A01; B14-A01A4; B14-E12; B14-F07; B14-G02A; B14-H01; 
B14-H01B; B14-K01A; B14-N03; B14-N10; B14-N11; B14-N12; B14-N15; B14-S04; D05-C12; 
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FILE ' DGENE 1 ENTERED AT 15:42:16 ON 01 NOV 2002 
RUN GETSEQ 
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RUN GETSEQ 
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